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Description 

FIELD OF THE INVENTION 

s [0001] The present invention relates to diagnostic and analytical oligonucleotide sizing methods employing oligonu- 
cleotide compositions containing cleavable primers. 

BACKGROUND OF THE INVENTION 

to [0002] DNA, the primary genetic material, is a complex molecule consisting of two intertwined polynucleotide chains, 
each nucleotide containing a deoxyribose unit, a phosphate group and a nitrogenous heterocyclic base. The two poly- 
nucleotide strands are held together via hydrogen bonding interactions between complementary base pairs. 
[0003] A normal human being possesses 23 pairs of chromosomes containing a total of about 100,000 genes. The 
length of DNA contained within the human chromosomes totals about 3.3 billion base pairs, with a typical gene con- 

1S taining about 30,000 base pairs. 

[0004] Due to the vast amount of genetic information yet to be gathered in both human and non-human genomes, 
intense efforts are underway to develop new and taster methods of DNA detection, sizing, quantification, sequencing, 
and gene identification including the mapping of human disease genes. Although the efficiency of these processes has 
been improved by automation, faster and cheaper methods must still be developed to efficiently carry out genomic- 

20 scale DNA analyses. 

[0005] Oligonucleotide sizing and sequence analysis is typically carried out by first utilizing either the enzymatic 
method developed by Sanger and Coulson, or by chemical degradation, developed by Maxam and Gilbert. The Sanger 
method uses enzymatic chain extension coupled with chain terminating dideoxy precursors to produce randomly ter- 
minated DNA fragments. The Maxam and Gilbert technique involves four different base-specific reactions carried out 
25 on portions of the DNA target to produce four sets of radiolabeled fragments. Both techniques utilize gel electrophoresis 
to separate resultant DNA fragments of differing lengths. 

[0006] In conventional DNA analysis, the DNA fragments are labeled with radioisotopes. After separation on se- 
quencing gels, the fragments are visualized by the image they generate upon a piece of film applied to the gel. 
[0007] Other methods of DNA analysis have been described which eliminate the use of radioisotopes. One example 
30 of such a method uses fluorophores or fluorescent tags. In general, four different f luorophores, each having a different 
absorption and emission spectrum, are attached to the DNA primers using chemical DNA synthesis techniques. Primers 
with different fluorescent labels are used in each of the four enzymatic sequencing reactions. 

[0008] In an alternate approach to four dye fluorescence-based detection, a dye is chemically attached to a chain- 
terminating base analog after enzymatic extension. In this approach, synthesis of the different dye-primers is avoided. 

35 [0009] Mono and polyfunctional intercalator compounds have also been developed as reagents for high-sensitivity 
fluorescence detection (Glazer, et ai, 1 992). These planar aromatic fluorophores (e.g., ethidium homodimer, thiazole 
orange homodimer, oxazole yellow homodimer) insert between adjacent base pairs of double stranded DNA. 
[0010] Efforts to analyze DNA have been greatly aided by the development of a process for in vitro amplification of 
DNA, namely, the polymerase chain reaction (PGR). PCR provides the ability to amplify and obtain direct sequence 

40 information from as little as one copy of a target DNA sequence. 

[0011] Typically, PCR amplification is carried out by placing a mixture of target double stranded DNA, a mixture of 
deoxynucleotide triphosphates, buffer, two primers (one phosphate-labeled) and DNA polymerase (e.g., heat stable 
Taq polymerase) in a thermocycler which cycles between temperatures for denaturation, annealing, and synthesis. 
The selection of primers defines the region to be amplified. In the first stage of the cycle, the temperature is raised to 

45 separate the double-stranded DNA strands to form the single-stranded templates for amplification. The temperature 
is then lowered to generate the primed templates for DNA polymerase. In a third stage, the temperature is raised to 
promote 7aq-promoted DNA synthesis, and the cycle of strand separation, annealing of primers, and synthesis is 
repeated for about as many as 30-60 cycles. Standard detection, sizing, and sequencing methods as described above, 
while providing useful information, are often tedious and costly. Many ol the commonly employed techniques involve 

so multiple handling steps. Further, the most common method of fragment analysis, gel electrophoresis, is a relatively 
time-consuming process. 

SUMMARY OF THE INVENTION 

55 [0012] The present invention relies on the use of an oligonucleotide composition containing a modified primer having 
a 5 1 end and a 3' end and containing at least one selectively cleavable site. Preferably, the cleavable site is located at 
or within about five nucleotides from the 3' end of the primer. 

[001 3] The modified oligonucleotide primer, which has a 5' end and a 3' end, is composed of two separate nucleotide 
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regions. The first region contains the 5' end, while the second region contains the 3' end of the primer, where the 3' 
end is capable of serving as a priming site for enzymatic extension, typically by a polymerase or ligase. The second 
region also contains a cleavable site which connects the first and second primer regions. In a preferred embodiment, 
the first region of the primer contains at least three nucleotides. The first primer region may optionally contain one or 
5 more secondary cleavable sites, located between the 5' end of the primer and the second region cleavable site (e.g., 
to breakdown the first region into smaller fragments). For a modified primer containing a secondary cleavable site, the 
furthest downstream cleavable site should ideally be cleaved with near 100% efficiency, to avoid the formation of 
' secondary or shadow products with additional bases. 

[0014] In one embodiment of the invention, the cleavable site is located at or within about five nucleotides from the 
10 3' end of the primer. In an alternate embodiment, the second primer region consists of a single nucleotide that also 
contains the cleavable site, such as a ribonucleotide. The second region may alternatively be composed of only the 
cleavable site. 

[0015] Cleavable sites contained within the modified primer composition include chemically cleavable groups such 
as dialkoxysilane, ^-(SJ-phosphorothioate, 5'-(S)-phosphorothioate, 3'-(N)-phosphoramidate, 5'-(N)-phosphorami- 
15 date, and ribose. 

[0016] Additional cleavable sites include nucleotides cleavable by an enzyme such as a nuclease. In one embodi- 
ment, the cleavable site within the modified primer composition is a single uracil incorporated to replace a thymine, 
where the uracil is cut site-specifically by treatment with uracil DN A-gtycosylase, followed by alkali treatment. In another 
embodiment, the cleavable site is a restriction endonuclease cleavable site, where the recognition sequence is located 

20 in the first primer region (i.e., upstream of the cleavage site). In a preferred embodiment, the restriction endonuclease 
cleavable site is located at or within about five nucleotides from the 3' end of the primer. It is also possible, such as 
with class IIS restriction enzymes, to position the cleavable site or cut site within the extension product. Restriction 
endonucleases for use in cleaving the modified primers of the invention include class Ms restriction endonucleases 
such as Bpm\, Bsg\, SseRI, SsmFI, and FoKL. A modified primer including a Bpml or Bsg\ recognition site contains (i) 

25 a first region containing the recognition site, 5'-CTGGAG-3'or 5'-GTGCAG-3\ respectively, and (ii) located 16 bases 
downstream from the last nucleotide of the recognition sequence, in the second primer region, is the cleavable site. A 
modified primer containing a SseRI or Bsrrf\ recognition site, e.g., 5'-GAGGAG-3\ or 5'-GGGAC-3, respectively, con- 
tains a cleavable site located 1 0 bases downstream from the last nucleotide of the recognition sequence, while a primer 
containing a Foki recognition sequence [e.g., 5'-GGATG-3') possesses a cleavable site 9 bases downstream from the 

30 last nucleotide of the recognition sequence. 

[0017] In a yet another embodiment, the cleavable site is a restriction endonuclease cleavable site, where the rec- 
ognition sequence is located in the first primer region (i.e., upstream of the cleavage site), and the first primer region 
contains a 5' hairpin-type (self-complementary double stranded) domain. The 5' hairpin domain includes the double 
stranded recognition site for the restriction enzyme. The second (single stranded) primer region contains (i) the cleav- 

35 able site (i.e., restriction endonuclease cut site), and (ii) is composed of nucleotides complementary to a single stranded 
target, thus serving as a priming site for enzymatic extension. Following enzymatic extension of the primer, the product 
is cleaved by treatment with a suitable class IIS restriction endonuclease, followed by denaturation to release the single 
stranded extension segment. 

[0018] In another embodiment, the cleavable site is a nucleotide or series of nucleotides capable of blocking or 
40 terminating 5' to 3' enzyme-promoted digestion by an enzyme having 5' to 3* exonuclease activity, such as T7 Gene 6 
Exonuclease. Blocking nucleotides include peptide nucleic acids and nucleotides containing a phosphorothioate or 
borano-phosphate group. In a primer extension reaction utilizing a modified primer containing a blocking nucleotide 
as the cleavable site, following a primer extension reaction, the resulting product, composed of (i) a modified primer 
containing a blocking nucleotide, and (ii) an extension segment, is treated with a nuclease such as an exonuclease 
45 having a 5' to 3' exonuclease activity. Nuclease treatment typically results in digestion of the first region of the primer 
to generate an extension segment composed of nucleotides downstream (i.e., 3') of the cleavable site. Preferably, the 
blocking group does not inhibit enzymatic extension of the primer. 

[0019] The modified primer may further include an immobilization attachment site for binding to a solid support. The 
immobilization attachment site may be located either upstream (i.e., 5' to) or downstream (i.e., 3' to) of the cleavable 

so site. In one embodiment, the immobilization attachment site is located at the 5' end or 5' relative to the cleavable site 
(i.e., upstream of the cleavable site) of the modified primer. In another embodiment, the immobilization attachment site 
is located at the 3' end or 3' relative to the cleavable site (i.e., downstream of the cleavable site). Alternatively, the 
immobilization attachment site may be contained within the extension segment resulting from an enzymatic extension 
reaction, or, may be contained within a target nucleic acid. 

55 [0020] For modified primers including an immobilization attachment site, the primer is attachable to a solid support 
by either a covalent or non-covalent linkage between the solid support and the primer immobilization attachment site 
to provide an immobilized modified oligonucleotide composition. Solid supports for use in the present invention include 
glass, silicon, polystyrene, cellulose, teflon, polystyrene divinyl benzene, aluminum, steel, iron, copper, nickel, silver 
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and gold. 

[0021] In one embodiment, the primer is attachable to a solid support via an intervening spacer arm, with a typical 
spacer being six or more atoms in length. 

[0022] In another embodiment, the modified primer contains an immobilization attachment site in the first primer 

s region composed of a series of bases complementary to an intermediary oligonucleotide. The modified primer is im- 
mobilizable by specific hybridization of the immobilization attachment site to the intermediary oligonucleotide, which 
is bound to a solid support. The intermediary oligonucleotide can be complementary to all or a portion of the sequence 
of the modified primer. The intermediary nucleotide is typically composed of 6 or more bases, and preferably more 
than 8 bases. Additionally, the intermediary oligonucleotide may also be homologous to a region within a target nucleic 

10 acid (template) molecule. 

[0023] In one embodiment, the modified primers of the present invention are oligonucleotides, such as DNA or RNA, 
having phosphodiester intern ucleotide linkages. In another embodiment, the modified primers are oligonucleotide an- 
alogues composed of alternative backbone structures containing internucleotide linkages such as methylphosphonate, 
phosphotriester, phosphorothioate, peptide, and the like. Primers for use in the invention should be capable of hydrogen 

is bonding in a sequence-specific manner to a target sequence. 

[0024] The invention provides a method for determining the size of a primer extension product using the modified 
primers of the present invention. In employing the method, oligonucleotide size analysis is carried out by first contacting 
a modified primer of the present invention with a target nucleic acid molecule (e.g., DNA or RNA) to effect hybridization 
of the primer with the single stranded target. The modified primer is complementary to the target and contains a first 

20 region containing the 5' end of the primer, and a second region containing the 3' end of the primer, where the 3' end 
is capable of serving as a priming site for enzymatic extension. The second region of the primer also contains a cleav- 
able site. 

[0025] In determining the size of a primer extension product, the primer is extended by enzymatic means, typically 
by action of a polymerase or ligase, to generate a mixture containing a product composed of the primer and one or 

25 more extension segments. The resulting product is cleaved at the cleavable site and the resulting extension segment 
is then sized by any of a number of suitable analytical techniques, preferably mass spectrometry In accordance with 
the invention, the mass of the extension segment is decreased and the read length of the extension segment is in- 
creased relative to the read length of the product composed of the modified primer and the extension segment. 
[0026] In a preferred embodiment for determining the size of an extension product, the modified primer (first or 

30 second region) or template is immobilized by attachment to a solid support. Immobilization may be via a covalent or 
non-covalent linkage. Exemplary non-covalent linkages include ligand-protein interactions and base-specific hydrogen 
bonding. The extension segment from an enzymatic extension reaction can also be immobilized by attachment to a 
solid support, and is released from the solid support prior to sizing or sequence determination. In the latter embodiment, 
enzymatic extension is typically carried out in the presence of a nucleotide containing (i) an immobilization attachment 

35 site and (ii) a releasable site, such as the exemplary nucleotide, biotinylated-disulfide-dideoxynucleotide. Following 
enzymatic extension, the extension product is immobilized, denatured, and cleaved at the cleavable site, leaving the 
extension segment affixed to the solid support. Released primer (the portion upstream of the cleavable site), template 
and additional mixture components are typically removed by washing, and the immobilized extension segment is then 
cleaved at the releasable site, to release the extension segment for sizing. 

40 [0027] In one embodiment of the method, the modified primer is immobilized via specific hybridization of the immo- 
bilization attachment site to an intermediary oligonucleotide which is bound to a solid support (solid phase bound 
intermediary oligonucleotide, SPBIO). In one particular embodiment, the immobilization attachment site is located in 
the first primer region and is composed of a series of bases complementary to the intermediary oligonucleotide. Alter- 
natively, if a portion of the sequence of the extension product is known, the immobilization attachment sight may be 

45 contained within a region of the extension segment. 

[0028] In yet another embodiment, the SPBIO is homologous to a target nucleic acid molecule, resulting in a com- 
petition between the SPBIO and the target for hybridizing to the modified primer. Following enzymatic extension, the 
product (composed of the primer and an extension segment) is attached to a solid support via hybridization to the 
SPBIO. To promote hybridization of the SPBIO to the product, the amount of target molecule may be reduced either 

50 by (i) carrying out a target-selective digestion which leaves the primer and extension product intact, or (ii) reducing the 
amount of target molecule. Template specific digestion may be chemical or enzymatic. 

[0029] In a related embodiment of the method, the modified primer is immobilized via hybridization to a SPBIO, where 
the first primer region contains a first portion which is complementary to the SPBIO, and downstream or 3' of this portion 
of the first region is a second portion of the first primer region which is complementary to the target molecule but is not 
ss complementary to the SPBIO. The first portion of the first region of the modified primer will typically be composed of 
at least six or more nucleotides which are complementary to the SPBIO. 

[0030] Alternatively, indirect immobilization of the modified primer can be accomplished by carrying out an enzymatic 
extension reaction with a target nucleic acid which is attached to a solid support. The target molecule can be immobilized 
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either prior to or subsequent to primer extension. 

[0031] Optionally, the reaction mixture containing immobilized and non-immobilized species is washed prior to cleav- 
age at the cleavable site, allowing ready separation of immobilized versus jion-immobilized species prior to sizing of 
the extension segments. 

s [0032] The primer can be immobilized at the immobilization attachment site either prior to or after enzymatic exten- 
sion, depending upon the nature of immobilization. Generally, when the immobilization attachment site is contained 
within the first primer region, the immobilization attachment remains intact under the selected cleavage conditions to 
retain a significant portion of nucleotides from the modified primer (e.g., those comprising the first primer region) in 
immobilized form. In accordance with the present method, the read length of the extension segment resulting from 

io cleavage at the cleavable site is increased relative to the read length of the product composed of the primer and the 
extension segment. 

[0033] In one embodiment of the invention, the extension segments, typically containing no more than about five 
nucleotides derived from the modified oligonucleotide primer, are sized using mass spectrometry. Such sizing may 
utilize matrix-assisted laser desorption ionization mass spectrometry, and more particularly, may be accomplished 
15 using time-of -flight mass spectrometry,. 

[0034] The sizing method may also be coupled with amplification of a target nucleic acid. 

[0035] In one embodiment of this aspect of the invention, first and second primers are combined with a target nucleic 
acid under conditions effective to promote the hybridization of the primers to the nucleic acid to generate primer/nucleic 
acid complexes. One of the primers (e.g., the first primer) is complementary to the target nucleic acid and has a first 
20 region containing the 5' end of the primer and an immobilization attachment site. The first primer further contains a 
second region containing the 3' end of the primer, where the 3* end is capable of serving as a priming site for enzymatic 
extension. The second region of the first primer further contains a cleavable site. The second primer is homologous 
to the target nucleic acid. 

[0036] The primer/nucleic acid complexes are converted to double-strand fragments in the presence of a suitable 
25 polymerase and all four deoxynucleotide triphosphates (dNTPs) or modified versions thereof. The number of primer- 
containing fragments is amplified by successively repeating the steps of (i) denaturing the double-strand fragments to 
produce single-strand fragments, (ii) hybridizing the single strands with the primers to form strand/primer complexes, 
(iii) generating double-strand fragments from the strand/primer complexes in the presence of a polymerase and all four 
dNTPs, and (iv) repeating steps (i) to (iii) until a desired degree of amplification has been achieved. 
30 [0037] The amplified fragments are then denatured to generate a mixture including a product composed of the first 
primer and an extension segment. In one embodiment of this aspect of the invention, the amplified fragments containing 
the first primer are immobilized at the immobilization attachment site and the non-immobilized amplified fragments are 
removed, typically by washing. The first primer is then cleaved from the immobilized product at the cleavable site, 
causing the release of the extension segment from the support. 
35 [0038] In an alternate embodiment, the amplified fragments may be immobilized prior to denaturing. Generally, the 
amplified fragments are immobilized prior to cleaving at the cleavable site, to enable release and subsequent analysis 
of the extension segments resulting from such cleavage, in the absence of other species {e.g., primers, reactants, 
excess dNTPs). 

[0039] The extension segments are then sized by mass spectrometry. The read length of the extension segment is 

40 increased relative to the read length of the product composed of the first primer and the extension segment. 

[0040] Another embodiment of the sizing method provides first and second primers, where one of the primers, i.e., 
the first primer, contains a cleavable site, and another primer, i.e., the second primer, contains an immobilization at- 
tachment site for binding to a solid support. The second primer is composed of a 5' end and a 3' end, is homologous 
to the target nucleic acid, and includes a first segment containing the 3' end of the second primer, and a second segment 

45 containing the 5' end of the primer and an immobilization attachment site. 

[0041] These first and second primers are combined with a target nucleic acid to generate primer/nucleic acid com- 
plexes and converted to double-stranded fragments in the presence of a polymerase and deoxynucleoside-triphos- 
phates. The sizing method can be carried out using a high concentration of target nucleic acid to generate substantial 
amounts of primer extension product, or alternatively, may be coupled with various rounds of amplification. Upon achiev- 

50 ing a desired amount of product, extension products containing the second primer are immobilized by attachment at 
the immobilization attachment site. The extension product is then cleaved at the cleavable site to generate a mixture 
which includes a double-stranded product. Non-immobilized cleaved fragments are removed, preferably by washing, 
and the double-stranded product is denatured to release the extension segment, which is sized by mass spectrometry, 
where the mass of the extension segment is decreased and the read length of the extension segment is increased 

55 relative to the read length of the primer/nucleic double stranded fragments. Immobilization of the extension product 
may occur either before or after cleavage at the cleavable site. 

[0042] As will be appreciated, the cleavable site of the first primer and the immobilization attachment site of the 
second primer include those of the type described above. 
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[0043] In one embodiment, the first primer contains a class lis restriction enzyme recognition site in the first primer 
region, and a cleavable site in the second primer region, and the second primer contains an immobilization attachment 
site for attachment to a solid support. Cleavage at the cleavable site is carried out by addition of a restriction endonu- 
clease selective for the recognition site contained in the first primer region to provide (i) released fragments containing 
s the first region of the first primer and (ii) a double-stranded product, which is immobilized prior to denaturing to release 
the desired extension segment. 

[0044] In a related aspect, a method of sequencing is provided that utilizes the modified primers of the invention for 
determining the sequence of a target molecule by mass spectrometry. In one embodiment of this aspect of the invention, 
the sequence of a target nucleic acid is determined by hybridizing a modified immobilizable primer of the present 

io . invention with a target nucleic acid, such as DNA or RNA, followed by enzymatically extending the primer in the pres- 
ence of a first of four different dideoxy nucleotides (chain terminators) to generate a mixture of primer extension prod- 
ucts. The primer extension products each contain a primer and an extension segment. The extension products are 
denatured, immobilized, and washed to remove non-immobilized species present in the reaction. As in the embodi- 
ments described above, immobilization can occur before or after enzymatic extension, and is typically carried out prior 

is to cleavage at the cleavable site. Subsequent to immobilization and removal of non-immobilized species, the primer 
extension products are cleaved to release the extension segments. The extension segments are sized by mass spec- 
trometry, and the above steps are repeated with each of the three remaining different dideoxy nucleotides. The se- 
quence of the target is then determined by comparing the sizes of the extension segments obtained from each of the 
four extension reactions. In a variation of the above, a single primer extension reaction is carried out using a mixture 

20 composed of more than one chain-terminating nucleotide, up to all four (e.g., dTTP, ddTTR dATP, ddATR dCTR ddCTR 
dGTP, and ddGTP). The resulting reaction mixture, containing up to all four-base specifically terminated products, is 
then analyzed using the mass data and known mass values for the four bases. Optionally, mass modified nucleotides 
may be utilized to enhance the resolution of the product mixture. Sequencing can also be carried out using the modified 
primers of the invention coupled with alternate sequencing methodologies which do not employ dideoxynucleosides. 

25 [0045] In one such embodiment, the sequence of a target nucleic acid, such as DNA or RNA, is determined by first 
hybridizing a primer with a target DNA, where the primer (i) is complementary to the target DNA; (ii) has a first region 
containing the 5' end of the primer and an immobilization attachment site, and (iii) has a second region containing the 
3' end of the primer and a cleavable site. The 3' end of the primer is also capable of serving as a priming site for 
enzymatic extension. 

30 [0046] The primer is then extended with an enzyme in the presence of a first of four different deoxynucleotide a- 
thiotriphosphate analogs (dNTPaS) to generate a mixture of primer extension products containing phosphorothioate 
linkages. The phosphorothioate-containing extension products are then treated with a reagent that cleaves specifically 
at the phosphorothioate positions. Suitable reagents for promoting phosphorothioate-specific cleavage include 3' to 5' 
exonuctease, 2-iodoethanol, and 2, 3-epoxy-1 -propanol. Treating of the extension products is typically carried out under 

35 conditions that produce limited cleavage of the phosphorothioate linkages, resulting in the production of a group of 
primer extension degradation products. Alternatively, the primer extension reaction can be carried out using a limited 
amount of the a-thio-deoxy nucleoside triphosphate analog, along with the corresponding conventional deoxynucleo- 
side triphosphate (dNTP). The resulting extension products are then treated with a phosphorothioate-selective reagent 
as described above, under conditions effective to cleavage all of the phosphorothioate groups incorporated into the 

40 extension product (complete cleavage). 

[0047] The primer extension degradation products are immobilized at the immobilization attachment sites to produce 
immobilized primer extension degradation products (i.e., a nested set of fragments specific to the 5' end containing 
the primer), each containing a primer and an extension segment. In alternative embodiments of this aspect of the 
invention, immobilization may be carried out either i) prior to enzymatic extension, ii) after enzymatic extension, hi) 

45 prior to treating the phosphorothioate-containing primer extension products with a phosphorothioate-specific cleaving 
reagent, or (iv) or after such treating. 

[0048] Subsequent to immobilization, the primer extension degradation products are washed to remove non-immo- 
bilized species. Cleavage at the cleavable site results in the release of extension segments, which are then sized by 
mass spectrometry. Using the sequencing method of this aspect of the invention, the read length of any given extension 

so segment is increased relative to the read length of its corresponding primer extension degradation product. 

[0049] The steps of hybridization, enzymatic extension, treatment with a phosphorothioate<:leaving reagent, immo- 
bilization, washing, cleaving, and sizing are then repeated with a second, third, and fourth of the four different dNTPaS 
analogs to determine the sequence of the target DNA by comparison of the sizes of the extension segments obtained 
from each of the four extension reactions. Optionally, the steps of hybridization, enzymatic extension, treatment with 

55 a phosphorothioate-cleaving reagent, immobilization, washing, and cleaving can be carried out in the presence of from 
2-4 different dNTPaS analogs, followed by sizing of the resulting extension segments by mass spectrometry. 
[0050] According to yet another aspect, a method of fingerprinting is provided which utilizes the modified primers of 
the invention for obtaining a fingerprint of a target oligonucleotide. 
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[0051] These and other objects and features of the invention will become more fully apparent when the following 
detailed description is read in conjunction with the accompanying figures and examples. 

BRIEF DESCRIPTION OF THE FIGURES 

5 

[0052] 

Figs. 1 A -1 W show a native phosphodiester internucleotide linkage and exemplary internucleoside cleavable sites 
tor use in the oligonucleotide composition of the present invention; 
70 Figs. 2A-2M include a number of exemplary immobilization attachment linkages for use in immobilizing the first 

region of a modified oligonucleotide primer; 

Figs. 3A and 3B illustrate time-of-flight mass spectra for samples of a modified oligonucleotide primer containing 
a cleavable ribose desorbed from a solid matrix of 3-hydroxypicolinic acid both before and after selective cleavage; 
Fig. 4 is a time-of-flight mass spectrum of the cleavage product of an immobilized 18-mer containing a cleavable 
is ribose at the 10-position; 

Fig. 5A-5E illustrate four alternate embodiments of an immobilized cleavable primer in accordance with the inven- 
tion; 

Figs. 6A and 6B illustrate an exemplary method of determining the sequence of a target DNA molecule using the 
immobilizable, cleavable primers of the present invention; 
20 Figs. 7A and 7B illustrate the respective single gene mutation sites identified for two distinct genetic disorders 

suitable for detection using the modified primers of the present invention; 

Fig. 8 illustrates the immobilization of a modified primer via competitive hybridization of the first primer region to 
both a target molecule and a solid phase bound intermediary oligonucleotide, SPBIO; 

Fig. 9 illustrates the immobilization of a modified primer via hybridization to a SPBIO, where the modified primer 
25 contains a first primer region composed of a first portion complementary to the SPBIO and a downstream second 

portion complementary to a target molecule but not complementary to the SPBIO; 

Fig. 10 illustrates immobilization of an enzymatic extension product (composed of a modified primer and an ex- 
tension segment) via base-pairing interaction to a target molecule bound to a solid support; 
Fig. 11 illustrates sequence-specific cleavage of an enzymatic extension product, where the modified primer con- 
30 tains a restriction recognition site in the first primer region and a cleavable site in the second primer region; 

Fig. 12 illustrates an exemplary sizing method of the present invention using first and second modified primers, 
where the first primer contains an enzyme-cleavable site and the second primer contains an immobilization at- 
tachment site; 

Fig. 1 3 is a MALDI time-of-flight mass spectrum of primer extension products obtained from an extension reaction 
35 using a primer containing a 5-thiol thymidine cleavable site and a 1 0-fold excess of primer. Primer extension prod- 

ucts were immobilized via hybridization to a complementary biotinylated intermediary oligonucleotide bound to 
streptavidin coated beads and released by chemical cleavage for subsequent size analysis; 
Figs. 14A and 14B are MALDI time-of-flight mass spectra illustrating the utility of the present method in detecting 
single base substitutions (point mutations) between oligonucleotides, using base-specific digestion; and 
40 Figs 1 5A and 1 5B are MALDI time-of-flight mass spectra of primer extension products obtained using (i) a cleav- 

able primer according to the present invention (Fig. 15B) versus (ii) a full length primer (Fig. 15A), illustrating the 
difference in both resolution and read length of the resulting spectra. 

Fig. 16 illustrates sequence-specific cleavage of an enzymatic extension product, where the modified primer con- 
tains a class lis restriction enzyme recognition site in the first primer region, composed of a 5' hairpin-type (self- 
45 complementary double stranded) domain, and a cleavable site in the second primer region. 

DETAILED DESCRIPTION OF THE INVENTION 

I. DEFINITIONS 

SO 

[0053] The following terms, as used herein, have the meanings as indicated: 

[0054] In referring to a position within a single stranded oligonucleotide, a position that is "upstream 0 from a specified 
position is located 5' to this position, while a position that is "downstream" is located 3' to the point of reference. 
[0055] An "immobilization attachment site" or IAS is a site which may be present within an oligonucleotide primer for 
55 binding to a solid support material either directly, through an intervening spacer arm, or by specific hybridization to an 
intermediary oligonucleotide which is bound to a solid support. The immobilization attachment site may be located 
either upstream (i.e., 5' to) or downstream (i.e., 3' to) of the cleavable site and may require chemical modification prior 
to binding to the solid support. Alternatively, the immobilization attachment site may be contained within the extension 
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segment resulting from an enzymatic extension reaction, or, may be contained within a target nucleic acid. The immo- 
bilization attachment site can be a select functional group for covalent bonding to a solid support, such as those rep- 
resentative functional groups shown in Figs. 2A-2K, and Fig. 2M. The immobilization attachment site can also be a 
ligand such as biotin, for attachment via a high-affinity non-covalent interaction with a solid support. Further, the im- 

s mobilization attachment site can also be composed of a series of bases complementary to an intermediary oligonu- 
cleotide. Immobilization of the modified primer is effected, for example, by specific hybridization of the immobilization 
attachment site to an intermediary oligonucleotide, which is bound to a solid support. The intermediary oligonucleotide 
may also act as the template. The immobilization attachment site may be attached to the solid support by either chemical 
or enzymatic means. Upon attachment of the immobilization attachment site to a solid support, the resulting immobi- 

10 lization linkage is one which remains stable under the conditions employed for cleaving the cleavable site and does 
not inhibit base pair hybridization nor block the ability to extend the primer from its 3' end. 

[0056] Two nucleic acid fragments are considered to be "selectively hybridizable 0 if they are capable of specifically 
hybridizing to one another but not to other polynucleotides, under typical hybridization and wash conditions, as de- 
scribed, for example, in Maniatis, et ai, pages 320-328, and 382-389. 

is [0057] Two nucleic acid fragments are considered to be "complementary" if they are capable of specifically hybridizing 
to one.another (i) under typical hybridization and wash conditions, as described, for example, in Maniatis, et a/., pages 
320-328, and 382-389, or (ii) using reduced stringency wash conditions that allow at most about 25-30% basepair 
mismatches, for example: 2 x SSC, 0.1% SDS, room temperature twice, 30 minutes each; then 2 X SSC, 0.1% SDS, 
37°C. once, 30 minutes; then 2 x SSC room temperature twice, 10 minutes each. 

20 [0058] "Cleavable site" as used herein is a reactive moiety typically (i) located at or within about five nucleotides 
from the 3' end of a primer, and (ii) selectively cleavable by appropriate non-enzymatic or enzymatic means including 
chemical, thermal, or photolytic, to enable release of primer extension products that typically contain none or a relatively 
small number of base pairs of the modified primer. Cleavable site refers both to the selectively cleavable functional 
group as described above and also to protected forms thereof. The cleavable site may, for example, be (i) located 

25 along the polymer backbone {i.e., a modified 3'-5' internucleotide linkage in place of one of the phosphodiester groups), 
(ii) as a substituent on or replacement of one of the bases or sugars of the oligonucleotide primer, or (iii) as the 3' 
terminal residue (e.g., a ribonucleotide at the 3* end of the oligodeoxyribonucleotide primer). The cleavable site is stable 
under standard solid phase DNA synthesis conditions, during primer immobilization, hybridization, primer extension, 
and washing conditions. 

30 [0059] As used herein, a cleavable site may also be a nucleotide cleavable by an enzyme such as a nuclease. For 
example, the cleavable site may be a restriction endonuclease cleavable site, where the recognition sequence is located 
in the first primer region (i.e., upstream of the cleavage site). Exemplary restriction endonucleases for use in cleaving 
at the cleavable site include Bpm\, Bsg\, SseRI, BsmFI, and Fo/d. 

[0060] A cleavable site may also be a nucleotide or series of nucleotides capable of blocking or terminating 5' to 3' 
35 enzyme-promoted digestion by an enzyme having 5' to 3' exonuclease activity, such as T7 gene 6 exonuclease (Am- 
ersham Life Sciences, Arlington Heights, IL). Representative blocking nucleotides are those containing a phospho- 
rothioate, borano-phosphate, or peptide group. The blocking nucleotide/cleavable site should be one which does not 
inhibit enzymatic extension of the primer. 

[0061] As described herein, "fingerprinting" refers to a method of determining the positions of no more than two 
40 different bases in a target oligonucleotide strand, as opposed to "sequencing", which refers to a determination of the 
complete nucleotide sequence of (and also the corresponding amino acid sequence encoded by) a target oligonucle- 
otide, including the identity and position of each nucleotide present in the target strand or its complement. 
[0062] "Non-covalent linkage" refers to any type of non-covalent bonding interaction, and is used herein primarily to 
describe different types of immobilization attachment sites. A non-covalent linkage includes base-specific hydrogen 
45 bonding interactions, such as those occurring between complementary nucleotide base pairs, or may refer to a high 
affinity ligand-protein interaction, such as the biotin/avidin or biotin/streptavidin interaction (K a = 10 15 M" 1 ). 
[0063] "Extension segment" refers to the product resulting from in vitro enzymatic extension at the 3' end of a primer, 
excluding the portion of nucleotides originally present in the primer prior to extension. 

[0064] As used herein, "read length" refers to the number of nucleotides of a given target sequence for which new 
so analytical data {e.g., sizing, quantification, sequencing) can be obtained. New data refers to fragment information for 
primer extension products which excludes data derived from portions of the target DNA complementary to the primer 
(s) employed (e. g., regions for which sequence information is already known). 

[0065] Read length is typically method dependent {i.e., a function of the detection method being employed). In some 
analytical methods size resolution may have an essentially finite upper limit, e.g., up to 100 nucleotides. One advantage 
55 of the present invention is the ability to improve the amount of new or useful information about a target DNA sequence 
that can be obtained from a primer extension product, when the products are analyzed using such a method. 
[0066] For example, using the modified primers of the present invention, the read length of an exemplary extension 
segment would be determined as follows. A modified primer composed of 18 nucleotides complementary to a DNA 
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target and having a cleavabte linkage between nucleotides 17 and 18 (e.p„ the cleavable site is within one nucleotide 
from the 3* end of the primer) is first annealed to the target strand, extended enzymatically (e.g., with a polymerase or 
ligase), and the resulting primer extension product (subsequent to immobilization) is cleaved at the cleavable site to 
produce an extension segment containing only one nucleotide derived from the primer. In carrying out sizing of the 
5 extension products, the read length is equal to the total number of nucleotides detected (X) minus the one nucleotide 
derived from the second region of the primer, or X-1 . 

[0067] In contrast, prior to cleavage at the cleavable site, the product composed of the primer and the same set of 
extension segments would have a read length of X-1 8, where 18 equals the number of bases in the primer. Thus the 
amount of new or useful sequencing or size information for primer extension products obtained using the modified 
io primers of the present invention is improved. 

II. OLIGONUCLEOTIDE COMPOSITION: SYNTHESIS OF MODIFIED PRIMERS 

A. FEATURES OF THE MODIFIED PRIMER 

15 

[0068] The oligonucleotide primers of the present invention (i) are designed for optional attachment to a solid support 
in a manner that does not block the ability to extend the primer from its 3' end, and (ii) incorporate a cleavable moiety 
so that a 3' portion of the primer linked to an extension segment can be released from an upstream portion of the 
primer, 5' to the cleavable site. The upstream portion of the primer, referred to herein as the first primer region, typically 

20 contains a significant number of the total number of nucleotides present in the primer, so that upon cleavage at the 
cleavable site, the amount of new fragment information for primer extension products is maximized. 
[0069] The modified primer of the invention preferably contains an immobilization attachment site for attaching the 
primer to a solid support. For modified primers containing an internal immobilization attachment site (i.e., a site con- 
tained within the primer itself), the immobilization attachment site or IAS is generally separated from the cleavable site 

25 by at least three nucleotides. Upon selective cleavage of the cleavable site, a large portion of the primer fragment 
remains affixed to the solid support. This enables the release of primer extension products that contain about five or 
fewer base pairs of the primer sequence, to extend the useful size analysis range (e.g., increased read lengths), as 
illustrated in Figs. 15Aand 15B. 

[0070] Figs. 15A and 15B are mass spectra of products from primer extension reactions, illustrating the difference 
30 in fragment information obtained for cleaved primer extension segments according to the invention (Fig. 15B) versus 
non-cleaved full primer-extension segments (Fig. 1 5A). The details of the primer extension reactions and primer cleav- 
age are described in Example 8. For sequencing applications, the modified primers can also provide more useful 
sequence information per fragment than extension products containing the entire primer. 

[0071] Exemplary oligonucleotide sequences for use as primers or probes in the oligonucleotide composition of the 

35 present invention typically have lengths ranging from about eight to thirty nucleotides, preferably between about ten 
and twenty five nucleotides. Typically, the oligonucleotide sequences are complementary to a site upstream, relative 
to the 5* end, of the target sequence of interest, based on known sequence information for the target molecule. The 
oligonucleotide sequence may additionally contain a label in the releasable primer fragment {e.g., the second region), 
such as a radioactive or fluorescent tag, depending upon the method of sequence analysis employed. 

40 [0072] The modified primers of the present invention, having a 5' end and a 3' end, are generally composed of two 
separate nucleotide regions. In one embodiment of the invention as illustrated in Fig. 5A, the two regions are connected 
by a cleavable site, as indicated by "X B . The heterocyclic bases, adenine, thymine, guanine, and cytosine are commonly 
indicated in the figures by the symbol "B". The first region, containing the 5' end of the primer, contains an immobilization 
attachment site, "I", for attachment to a solid support. In the embodiment shown in Fig. 5A, the modified primer is in 

45 immobilized form. The immobilization site may optionally be separated from the 5' end of the primer by a spacer arm, 
as indicated. Spacer arms for use in the present invention are generally six or more atoms in length. 
[0073] The number of nucleotides in the first region will vary, but typically will be at least about three nucleotides. In 
a preferred embodiment, the first primer region contains a significant portion of the nucleotides (e.g., typically from 
about 3-20 nucleotides) composing the modified primer. As shown, the cleavable linkage, 'X°, is a S'-S'-intemucleotide 

so cleavable site which connects the first region to the second region. The second region, which contains the 3' end of 
the primer, is composed of as few nucleotides as is feasible, although the number will vary depending on the primer 
employed. Preferably, the second region contains from zero to five nucleotides and the total number of nucleotides in 
the modified primer will be between about eight and thirty, and preferably between ten and twenty five. The 3' end of 
the modified primer serves as a priming site for enzymatic extension. 

55 [0074] Fig. 5B illustrates an alternate embodiment of the present invention in which a biotin molecule is connected 
to the 5' end of a modified primer. The biotin is attached to the 5' end of the primer through an extended spacer arm 
which serves to reduce steric hindrance. Biotin, a relatively small vitamin molecule that binds with high affinity to both 
avidin and streptavidin, is one exemplary immobilization attachment site for use in the present invention. Bibtinylated 
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primers are available from commercial sources or may be synthesized by methods commonly employed in the art, 
typically utilizing a f unctionalized biotin reagent containing a reactive group suitable for coupling. As in Fig. 5A above, 
an internucleotide cleavable linkage separates the two regions of the modified primer. The second region contains a 
3' end suitable for enzymatic extension, which may take place either prior to or after immobilization to a solid support. 

5 [0075] Fig. 5C illustrates capture of the modified primer of Fig. 5B prior to enzymatic extension on an avidin-func- 
tionalized solid support. In this embodiment of the invention, the modified primer is immobilized via a high affinity 
interaction between avidin and biotin, as indicated by T. 
' [0076] Fig. 5D illustrates an alternate embodiment of the invention in which the modified primer is attached to a solid 
support through an immobilization attachment site present as a substituent on one of the heterocyclic bases. As shown 

10 in Fig. 5D, the site for immobilization is an amino residue substituted at the 5 position of a uracil (Dattagupta, 1989), 
and more specifically, is a 5-allylamino substituent. The amino group may be in protected form {e.g., trifluoroacetamido) 
prior to attachment to the solid support. As indicated, immobilization to the solid support is through an amide linkage, 
although any of a number of immobilization attachment linkages may be used, as will be described in more detail below 
Coupling of the amino residue to a solid support is generally carried out by using an activated support material, such 

15 as an N-hydroxysuccinimide (NHS) ester functionalized support. 

[0077] In the embodiment shown in Fig. 5D, the immobilized primer is in a branched or "^-configuration. As in the 
above embodiments, the modified primer contains two regions separated by a cleavable linkage indicated by "X". The 
first region contains the 5'end of the primer and an immobilization attachment site as described above. Referring to 
the design of a "T" -configured primer as shown in Fig. 5D, generally, a large portion of the nucleotides composing the 

20 modified primer and required for sequence specific target binding are located 5' of the "central" deoxyribose, indicated 
by an arrow. The second region contains the 3' end of the primer which serves as a priming site for enzymatic extension. 
In the exemplary modified primer shown, following hybridization to a target DNA, and enzymatic extension followed 
by denaturing and washing, selective cleavage of the cleavable site "X" releases the second region of the modified 
primer along with the extension product (e.g., the extension segment), while the first region containing a large portion 

25 of the nucleotides required for sequence specific target binding remains immobilized. 

[0078] Fig. 5E illustrates an exemplary modified primer containing a terminal cleavage site, as indicated by an (X). 
In this embodiment of the invention, the cleavable linkage is represented by a ribose moiety, although any of a number 
of terminal cleavable sites may be employed. As shown, the modified primer is in immobilized form and contains an 
immobilization attachment site 5' of the cleavable site. The first region contains the immobilization attachment site and 

30 the portion of the primer up to, but not including the ribose. The ribose, or, alternatively, the cleavable site, represents 
the second primer region and also serves as a priming site for enzymatic extension. 

[0079] Additional cleavable sites according to the invention include nucleotides cleavable by an enzyme such as a 
nuclease or glycosylase. Fig. 11 illustrates an exemplary cleavabie primer containing a restriction recognition site in 
the first primer region and a cleavable site in the second primer region. As can be seen in Fig. 11 , the primer 75 contains 
35 two regions, a first 5' region containing a restriction endonuclease recognition sequence 73 and a second region 76 
containing a cleavable site 77, downstream or 3' to the recognition sequence. Preferably, the restriction endonuclease 
cleavable site is located at or within about five nucleotides from the 3' end of the primer. 

[0080] Representative restriction endonucleases for use in cleaving the modified primers of the invention include 
Bpmi, Bsg\, SseRI, SsmFI, and FoW, all of which make staggered cuts. A modified primer including a Bpm\ or Bsg\ 

40 recognition site contains (i) a first region which includes the recognition sequence, 5'-CTGGAG-3' or 5'-GTGCAG-3, 
respectively, and (ii) located 16 bases downstream from the last nucleotide of the recognition sequence, in the second 
primer region, is the cleavable site. A modified primer containing a BseFU or BsmFI recognition site, S'-GAGGAG-S* or 
5'-GGGAC-3\ respectively, contains a cleavable site located 10 bases downstream from the last nucleotide of the 
recognition sequence, while a primer containing a FoW recognition sequence (S'-GGATG-^) possesses a cleavable 

45 site 9 bases downstream from the last nucleotide of the recognition sequence. 

[0081] Returning now to Fig. 11 , the first region of the primer contains two separate domains. The first domain, 73, 
is composed of a series of bases recognizable by a restriction endonuclease as described above. The second domain 
of the first primer region, 76, is 3' to the restriction endonuclease recognition sequence and contains nucleotides com- 
plementary to a target DNA molecule 81 which acts as a template for enzymatic extension of the primer. The first 

50 domain of the first primer region 73 may optionally hybridize to the target molecule. 

[0082] After carrying out a primer extension reaction to form a primer extension product 79, as will be described in 
more detail below, the double stranded product is denatured 85, and an oligonucleotide 83 complementary to both the 
first 73 and second 76 domains within the first primer region is added to the reaction mixture, preferably in an excess 
amount. Typically, the complementary oligonucleotide 83 contains about 1 5-25 nucleotides, sufficient to allow restriction 

55 enzyme recognition and cleavage at the cleavable site. Preferably, the restriction endonuclease cleavable site is at or 
near to the 3' end of the primer. 

[0083] The reaction mixture is then allowed to cool and reanneal 86. Due to the excess of complementary oligonu- 
cleotide 83 present, hybridization of the primer-extension product to the oligonucleotide complement is favored, as 
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indicated at 87. Restriction endonuclease is then added to the mixture, as shown at 89, to promote cleavage at the 
cleavable site to release an extension segment 91, a small fragment of the complementary oligonucleotide 3' to the 
cleavable site 93, and a larger primer/complementary oligonucleotide fragment 5' of the cleavable site 95. 
[0084] A primer of the type described above may also contain an immobilization attachment site (IAS) downstream 

5 from the cleavable site, to enable immobilization of the extension segment. Introduction of an IAS should not adversely 
affect (i) sequence-specific binding of the template to the modified primer, (ii) sequence specific binding of the primer 
to the complementary oligonucleotide 83, (iii) enzymatic extension of the primer, or (iv) the cutting ability of the restriction 
enzyme. Generally, the extension product is immobilized and washed to remove reaction products (salts, enzymes, 
nucleotide fragments, reagents) prior to release and subsequent size and or sequence analysis. Other approaches 

10 include (i) the use of a primer or extension segment containing an immobilization attachment site, where, after enzy- 
matically extending the primer and denaturing the double-stranded product, the single stranded primer-extension prod- 
uct is captured via binding at the immobilization attachment site, followed by removal of the template and addition of 
complementary oligonucleotide 83, as described above, or (ii) the use of a template modified to contain an immobili- 
zation attachment site, for capturing the template either prior to or after enzymatic extension, prior to addition of oligo- 

15 nucleotide 83. 

[0085] A variation of a cleavable primer of the type illustrated in Fig. 11 is shown in Fig. 16, where the first primer 
region contains a universal restriction recognition site within a hairpin (Szybalski). Referring now to Fig. 16, the cleav- 
able site 127 is a class Ms restriction endonuclease cleavable site, where the double stranded enzyme recognition 
sequence 129 is located in the first primer region (/.a, upstream of the cleavage site), and the first primer region 

20 contains a 5' hairpin-type (self-complementary double stranded) domain. The 5' hairpin domain 131 includes the double 
stranded recognition site 129 for the restriction enzyme. The second (single stranded) primer region contains (i) the 
cleavable site (/.a, restriction endonuclease cut site), and (ii) is composed of nucleotides complementary to a single 
stranded target 133, thus serving as a priming site for enzymatic extension. Following enzymatic extension of the 
primer (shown at 135), the product 137 is cleaved 139 by treatment with a suitable class IIS restriction endonuclease 

25 to release fragments 141 and 143, followed by denaturation to release the single stranded extension segment for 
subsequent analysis, i.e., by mass spectrometry. As indicated in the figure at 145, the template may optionally be 
attached to a solid phase support at any stage during the process. 

[0086] In some instances, the cleavable site is a nucleotide capable of blocking or terminating 5" to 3' enzyme- 
promoted digestion by an enzyme having 5' to 3' exonuclease activity, such as T7 gene 6 exonuclease, ExoVIll, RecJ, 

30 and spleen phosphodiesterase II. Such "blocking" nucleotides include nucleotides containing a phosphorothioate, bo- 
rano-phosphate, or peptide group as will be described below. In a primer extension reaction utilizing a modified primer 
containing a blocking nucleotide as the cleavabte site, following a primer extension reaction, the resulting product, 
composed of (i) a modified primer containing a blocking nucleotide, and (ii) an extension segment, is treated with a 
nuclease such as an exonuclease having a 5' to 3' exonuclease activity. Nuclease treatment typically results in digestion 

35 of the first region of the primer to generate an extension segment composed of nucleotides downstream (i.e., 3') of the 
cleavable site. 

[0087] In all of the exemplary embodiments described above, cleavage of the cleavable site results in the release 
of newly synthesized primer extension products containing little or none of the nucleotide bases originally present in 
the modified primer. 

40 

B. INTRODUCTION OF THE CLEAVABLE SITE 

[0088] The cleavable site (composed of a modified nucleotide) is typically introduced into an oligonucleotide probe 
by using one of following synthetic approaches. Depending upon the choice of cleavable site to be introduced, either 
45 a functionalized nucleotide or a modified nucleotide dimer is first prepared, and then selectively introduced into a 
growing oligonucleotide fragment during the course of primer synthesis. The primer containing the cleavable site may 
be prepared using solution synthesis, or preferably, employing automated solid phase synthesis conditions using a 
DNA synthesizer. 

[0089] In forming a modified dimer, two suitably protected nucleotides are coupled to each other to form a modified 
50 3'-5'-internucleotide linkage. The dimer containing the cleavable site (or a protected form thereof) is then incorporated 
into the oligonucleotide primer during synthesis to form a modified oligonucleotide containing a cleavable site. The 
cleavable site is chemically cleavable under select conditions but is stable under standard solid phase DNA synthesis, 
solid support attachment, -primer extension and hybridization conditions. 

[0090] Alternatively, functionalization is carried out on a single nucleotide to introduce a reactive group suitable for 
55 forming a cleavable site upon reaction with a second nucleotide molecule or during primer synthesis. 

[0091] Although functionalization may take place at sites within the base or the sugar of the nucleotide, typically, 
modification will be carried out to result in an oligonucleotide primer containing a specific cleavable site in place of one 
of the phosphodiester linkages of the resulting polymer. Preferred non-internucleotide locations for modification or 
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introduction of a cleavable site include C(5) of thymine and N(4) of cytosine, as these two base sites are readily chem- 
ically manipulated without preventing base pairing. 

[0092] A number of exemplary intemucleoside cleavable sites for use in the oligonucleotide composition of the 
present invention are illustrated in Figs. 1B-1W. Fig. 1 A is an illustration of an unmodified, native 3,-5,-phosphodiester 
s linkage. A cleavable site or linkage for use in the invention is one which may be introduced at a specific position within 
the oligonucleotide sequence, preferably at or within about five nucleotides from the 3' end of the primer, and is selec- 
tively cleaved under conditions which do not permit cleavage of the immobilization attachment site. In one preferred 
embodiment, the cleavable site is located at the 3" end of the primer. The cleavable linkage should also be one that is 
chemically accessible. 

io [0093] Chemically cleavable internucleotide linkages for use in the present invention include but are not limited to 
the following, as illustrated in Figs. 1B-1W, respectively: dialkoxysilane, Fig. 1B; p-cyano ether, Fig. 1C; 5'-deoxy-5'- 
aminocarbamate, Fig. 1D; S'deoxy-S'-aminocarbamate, Fig. 1E; urea, Fig. 1F; 2 , cyano-3 , ,5'-phosphodiester, Fig. 1G; 
3'-(S)-phosphorothioate, Fig. 1H; ^-(SJ-phosphorothioate, Fig. 11; 3'-(N)-phosphoramidate, Fig. 1J; 5'-(N)-phospho- 
ramidate, Fig. 1K; a-amino amide, Fig. 1L; vicinal diot, Fig. 1M; ribonucleoside insertion, Fig. 1N; ^-amino-S'.S'-phos- 

15 phodiester, Fig. 10; allylic sulfoxide, Fig. 1P; ester, Fig. 1Q; silyl ether, Fig. 1R; dithioacetal, Fig. IS; S'-thio-formal, 
Fig. 1T; a-hydroxy-methyl-phosphonic bisamide, Fig. 1U; acetal, Fig. 1V; and 3'-thio-formal, Fig. 1W. Other chemically 
cleavable linkages include methylphosphonate and phosphotriester. Cleavable linkages suitable for non-chemical 
cleavage methods such as photolysis or thermolysis include nitrobenzyl ether (NBE), cis-syn thymidine dimer (Nadji, 
et ai, 1992), and cyclohexene. 

20 [0094] Nucleoside dimers containing the cleavable linkages illustrated in Figs. 1 B-1 W are synthesized using standard 
nucleic acid chemistry known to one of skill in the art (Hobbs, 1990; Townsend, et ai, 1966). Alternatively, one may 
directly synthesize a modified nucleoside containing either a 5'- or 3'-reactive group (or protected form thereof) for use 
in standard solid phase synthesis to introduce the desired cleavable linkage. 2 , -Functionalized nucleosides are typically 
prepared from the corresponding ribonucleoside starting materials. An internucleotide p-cyano ether linkage, as shown 

25 in Fig. 1C, may be formed by reaction of a suitably protected nucleoside with a 5'-{2-cyanoallyl) functionalized 3'- 
phosphoramidite. Selective cleavage is effected by a p-elimination reaction upon treatment with base, promoted by 
the presence of the p-cyano substituent. A nucleoside dimer containing a 3'-(0)-carbamate intemucleoside bond is 
prepared by any of a number of synthetic approaches including reaction between the corresponding 3'-acyl chloride 
and a 5'-amino-modified nucleoside. Alternatively, a 3'-modified isocyanate nucleoside is prepared and subsequently 

30 reacted with the 5'-hydroxyl of a suitably protected nucleoside. A nucleoside dimer containing a 5'-(0)-carbamate 
cleavable linkage is prepared from the imidazole carbamate precursor. 

[0095] Oligonucleosides containing methyl phosphonate linkages are prepared using solid support based synthesis 
with phosphonamidite reagents used in place of the standard phosphoramidites (Agrawal and Goodchild, 1 987). Phos- 
photriesters are somewhat labile under basic deblocking conditions, however, this cleavable group may be introduced 

35 into an oligonucleotide backbone by using mild reaction conditions or more labile amine protecting groups (Miller, et 
ai, 1971 ). Methanol or ethanol in the presence of tosyl chloride is used to esterify the intemucleoside, phosphate group 
(Moody, et ai, 1989); methyl methanesulfonate may also be used as a methylating agent (Koole, et ai, 1987). 
[0096] Preferred cleavable sites for use in the modified oligonucleotide composition include dialkoxysilane, ribose, 
3 ( - and 5'-phosphoramidate, and 3'-and S'-phosphorothioate. 

40 [0097] In one embodiment of the present invention, the cleavable site contained in the modified oligonucleotide 
primer is dialkoxysilane (Ogilvie, ©fa/., 1986; Seliger, etai, 1987; Cormier, etai, 1988). Synthesis of a primer containing 
a dialkoxysilane internucleotide linkage is described in Example 1 A. Although the preparation of a diisopropylsilyl- 
linked dinucleoside is described in Example 1 A, alkyl groups for use as substituents on silicon are not limited to isopropyl 
and may be.either straight chain or branched alkyl groups. Further, the two alkyl substituents on silicon may be identical, 

45 as in the case of diisopropylsilyl, or may be different. A variety of dialkylsilylating reagents are available from Petrarch 
Systems, Bertram, PA. 

[0098] In the synthetic approach outlined in Example 1 A, a reactive 3'-Osilyi ether intermediate is first prepared, 
followed by formation of a nucleoside dimer containing a 3'-5'-diisopropylsilyl intemucleoside bridging group. Formation 
of a 3' -silyl triflate intermediate is carried out by reacting a 5MO)-dimethoxytrityl(DMT)-protected nucleoside, such as 

50 5'-(0)-DMT-thymidine or the N-protected nucleosides N6-benzoyl-2'-deoxy-5'-(0)-DMT-adenosine, N4-benzoyl-2'-de- 
oxy-5'-(0)-DMT-cytidine, or N2-isobutryl-2'-deoxy-5'-(0)-DMT-guanosine, with an O-protected silane reagent. 
[0099] In Example 1A, the protected nucleoside is treated with the reactive silane, bis(trifluoromethane-sulfonyl) 
diisopropylsilane, in the presence of the sterically hindered base, 2,6-di-fert-butyl-4-methylpyridine, to promote forma- 
tion of the desired 3' -(O) -diisopropylsilyl triflate intermediate. Use of a bulky base such as the tri-substituted pyridine 

55 reagent helps to prevent formation of the undesired symmetrical nucleoside dimer formed by condensation of unreacted 
nucleoside with the triflate intermediate (Sana, et ai, 1 993). 

[0100] Following introduction of the desired '3'-0-silyl ether group, the 3'-0-diisopropylsilyl triflate intermediate is 
reacted with unprotected nucleoside to form the desired nucleoside dimer containing a 3'(0),5'(0)-dialkoxysilane cleav- 
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able site. The protected dimer may then be further functionalized, for instance, by conversion of the 3'-hydroxyl to the 
corresponding 2-cyanoethyl-N,N-diisopropylphosphoramidite for use in automated solid phase synthesis utilizing 
standard phosphoramidite chemistry to provide the desired primer sequence. Selective cleavage of the dialkoxysilane 
site is effected by treatment with fluoride ion (Corey and Snider, 1972) 
s [0101] Another preferred selectively cleavable functionality for use in the invention is phosphorothioate. The prepa- 
ration of primers containing a 3'(S)-phosphorothioate or a 5'(S)-phosphorothioate internucleotide linkage is described 
in Examples 1B and 1C, respectively In accordance with the modified oligonucleotide composition of the invention, 
the phosphorothioate internucleotide linkage is selectively cleaved under mild oxidative conditions (Cosstick, et al., 
1989). 

10 [0102] In one synthetic approach for preparing primers containing a 3'{S)-phosphorothioate cleavable site as de- 
scribed in Example 1B, a protected 3'-thio-substituted nucleoside starting material, such as 5-OMMT-3'-S-benzoyl-3'- 
thymidine (Cosstick, et al., 1988), is first deprotected by treatment with base to form the debenzoylated thiol, S'-(O)- 
MMT-3'-thiothymidine, followed by conversion to the corresponding reactive thiophosphoramidite by reaction with 2-cy- 
anoethyl-N.N-diisopropylaminophosphormonochloridite. The reactive thiophosphoramidite is coupled to a second nu- 

15 cleoside molecule to form the corresponding thiophosphite dimer, followed by oxidation of the phosphorus center to 
form the fully protected 3'-(S)-phosphorothioate-linked dimer. 

[0103] In order to promote coupling of the thiophosphoramidite to a second nucleoside molecule such as 3'0- 
acetylthymidine and prevent undesired self-condensation side reactions, an acidic activating agent, 5-(pa/-a-nitrophe- 
nyljtetrazole, is used. The thiophosphite dimer is oxidized with a suitable oxidant such as tetrabutylammontum oxone 

20 or tetrabutylammonium periodate to form the fully protected (P-(0)-2-cyanoethyl-3' -acetyl) dimer containing a protected 
form of the desired internucleoside linkage. Deprotection is readily carried out under standard conditions as described 
in Example 1B. As discussed above, the nucleoside dimer, containing a 3'-(S)phosphorothioate cleavable linkage may 
be readily incorporated into an oligonucleotide primer using standard solid phase phosphoramidite chemistry. 
[0104] Alternatively, one may use the reactive thiophosphoramidite directly to introduce the desired 3'-(S)-phospho- 

25 rothioate linkage into an oligonucleotide primer during solid phase synthesis. For introduction of a functionalized nu- 
cleoside containing a 3'-(S)-thiophosphoramidite during solid phase synthesis on controlled pore glass, during the 
coupling cycle for introducing the thio-modified nucleoside, the thio-modified nucleoside, dissolved in acetonitrile sat- 
urated with 5-(para-nitrophenyl)tetrazole, is injected into the column containing the solid support, and the coupling 
efficiency is monitored by release of trityl cations. 

30 [0105] After preparing the desired immobilized, cleavable primer in accordance with the present invention, and car- 
rying out the desired hybridization and primer extension reactions, the phosphorothioate internucleotide site is cleaved 
by treatment with a mild oxidizing agent such as aqueous silver nitrate. 

[0106] Preparation of the corresponding 5'-(S)phosphorothioate modified oligonucleotide is carried out in a somewhat 
different fashion than that described above for the 3'-(S)-phosphorothioate and is described in detail in Example 1(C). 

35 The approach makes use of a key 5-thio-modified nucleoside intermediate for incorporation of the desired 5'-(S)-phos- 
phorothioate cleavable linkage during solid phase oligonucleotide synthesis (Mag, era/., 1991; Sproat, et al., 1987). 
[0107] Synthesis of the nucleoside building block containing a protected 5'-thio group is carried out by first preparing 
the 5-tosylate of thymidine by treatment with tosyl chloride, followed by conversion of the 5'-tosylate to 5'-(S-trityl)- 
mercapto-S'-deoxythymidine, 5'-Tosyl-thymidine is converted to 54S-trityl)-mercapto-5'-deoxythymidine by treatment 

40 with a five-fold excess of sodium tritylthiolate, which is prepared in-situ by deprotonation of tritylmercaptan with sodium 
hydroxide. In the above synthetic step, a sulfur atom is introduced into the 5'-position of a nucleoside, forming the S- 
trityl precursor of the desired key intermediate. Subsequent phosphitylation at the 3'-position with 2-cyanoethoxy-bis- 
(N.N-diisopropylamino)phosphine in the presence of tetrazole results in the desired functionalized nucleoside, 5'-(S- 
trrtyl)-mercapto-5 , -deoxythymidine-3'-0-(2-cyanoethyl-N,N-diisopropylamino)phosphite. 

45 [01 08] The 5'-(S)-protected nucleoside intermediate is introduced into an oligonucleotide primer using standard solid- 
phase phosphoramidite chemistry by first coupling it to a deprotected polymer-bound oligonucleotide. The phosphite 
linkage is then oxidized with aqueous l 2 , and the S-trityl group is cleaved with silver nitrate and reduced with dithiothreitol 
to form a reactive thiol. The thiol is then coupled to a 2 , -deoxynucleoside-3'-phosphoramidite, followed by oxidation of 
the thiophosphite linkage to yield the desired S'-phosphordthioate cleavable site. 

so [0109] Selective cleavage of the phosphorothioate site may also be effected by treatment with an aqueous solution 
of either silver nitrate (AgN0 3 ) or mercuric chloride (HgCI 2 ). 

[0110] Another functional group for use as a cleavable site in the modified oligonucleotide composition of the invention 
is phosphoramidate. Oligonucleotides bearing phosphoramidate internucleotide linkages can be prepared chemically 
by standard, solid phase DNA synthesis (Bannwarth, 1 988). Preparation of primers containing a 5'(N)-phosphoramidate 
55 internucleotide linkage is described in Example 1D. In the synthetic approach described in Example 1D, a S'-amino- 
modified nucleoside is either purchased commercially or synthesized by conversion of the 5'-hydroxyl group to the 
corresponding azide, followed by reduction over a palladium/carbon catalyst (Yamamoto, era/., 1980). 
[0111] The 5'-amino group is then protected by treatment with 4-methoxytritylchloride, followed by reaction with bis 
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(diisopropylammonium)tetrazolide and (2-cyanoethoxy)bis(diisopropylamino)phosphine to form the corresponding 3'- 
(2-cyanoethyl)-N,N-dtisopropylphosphoramidite-functionalized nucleoside. This reactive nucleoside, containing a 5'- 
protected amino function, is then selectively introduced into an oligonucleotide fragment during standard solid phase 
DNA synthesis utilizing phosphoramidite chemistry, to form the desired S'-phosphoramidate bond. Selective cleavage 
5 of the phosphoramidate bond is carried out under mild acidic conditions, such as by treatment with B0% acetic acid. 
Phosphoramidate linkages are more labile in the ribo series than in the deoxyribo series (Tomasz, et ai, 1981). 
[0112] Another functional group for use as a cleavable site in the present oligonucleotide composition is ribose. 
Modified primers containing a cleavable ribose are described in Examples 3-5. Ribose, containing suitable 0-protecting 
groups, is selectively introduced into a growing oligomer fragment during automated solid phase synthesis using stand- 
to ard phosphoramidite chemistry. Selective cleavage is carried out by treatment with dilute ammonium hydroxide, as 
described in Examples 3 and 5. 

C. ATTACHMENT TO SOLID SUPPORT 

ts [0113] In accordance with one aspect of the invention, the oligonucleotide primers (i) may be designed for attachment 
to a solid support in a manner that does not block the ability to extend the primer from its 3* end, and (ii) incorporate a 
cleavable moiety so that a 3' portion of the primer (linked to an extension product) can be released from an optionally 
immobilized 5' portion. 

[0114] The oligonucleotide primers of the invention are preferably designed for binding to a solid support material 
20 either directly, through an intervening spacer arm, or by specific hybridization to an intermediary oligonucleotide which 
is bound to a solid support (SPBIO). Immobilization may occur at a location upstream (i.e., 5' to) or downstream (i.e., 
3' to) of the cleavable site. 

[0115] Attachment to a solid phase may also take place via an attachment site (i) contained within a nucleic acid 
extension segment resulting from an enzymatic extension reaction, or, (ii) contained within a target nucleic acid. 

25 [0116] The immobilization attachment site can be a select functional group for covalent bonding to a solid support, 
such as those representative functional groups shown in Figs. 2A-2K, and Fig. 2M. The immobilization attachment site 
can also be a ligand such as biotin, for attachment via a high-affinity non-covalent interaction with a solid support. 
[0117] Further, the immobilization attachment site can also be composed of a series of bases complementary to an 
intermediary oligonucleotide bound to a solid support, as illustrated in Figs. 8 and 9. 

30 [0118] Referring now to Fig. 8, a primer 15 having a cleavable site 17 as described above is (i) hybridized to a single 
stranded, target DNA sequence 21 utilizing conditions under which the target will anneal stably to the primer, and (ii) 
enzymatically extended to form an extension segment 19. The extension product is then exposed to an intermediary 
oligonucleotide which is bound to a solid support 23. The intermediary oligonucleotide is complementary to all or at 
least the first region of the primer. 

35 [0119] In the embodiment illustrated in Fig. 8, the sequence of the intermediary oligonucleotide is homologous with 
at least a portion of the target molecule 21 , so that both the intermediary oligonucleotide and the target are competing 
to hybridize to an overlapping region of the primer. In instances in which the sequence of the extension product is 
known, the sequence of the intermediary oligonucleotide may be designed to be complementary to a portion of the 
extension segment rather than to the primer, or, to a region containing portions of both the primer and the extension 

40 segment. 

[0120] In employing this approach for immobilization, the concentration of target molecule relative to intermediary 
oligonucleotide is preferably reduced in order to favor hybridization of the primer extension product to the intermediary 
oligonucleotide. Hybridization of the extension product to template is thermodynamically favored, since the template 
is capable of hybridizing to the full length of the extension product. The concentration of target nucleic acid can be 
45 reduced by a number of methods, including specific chemical or enzymatic digestion which leaves the primer extension 
product intact. 

[0121] Selective digestion of the template may be effected by any of a number of methods, including the following: 
(i) use of a deoxyuridine-containing template; (ii) use of an RNA template to provide DNA extension products; (iii) use 
of a template containing modified internucieoside linkages; or (iv) exonuclease-promoted digestion of template. Each 

so is described in greater detail below. 

[0122] In employing the first approach, a nucleic acid fragment which has been site selectively modified (Longo, et 
ai, 1990) to contain deoxyuridine in place of deoxythymidine is used as a template for the primer extension reaction. 
Following enzymatic extension, the template-containing reaction mixture is treated with uracil DNA glycosylase (Am- 
ersham Life Sciences, Arlington Heights, IL) to fragment the template molecule at positions modified to contain deox- 

55 yuridine. Uracil DNA glycosylase excises deoxyuracil from dU-containing DNA by cleaving the N-glycosidic bond be- 
tween the uracil base and the sugar phosphate backbone. 

[0123] In the second approach, an RNA template is used to provide DNA extension products. The template is then 
selectively removed by digestion using RNase, such as RNase A. 
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[0124] Alternatively, as indicated by (iii) above, a template molecule containing modified intemucleoside linkages 
such as a phosphoramidate or phosphorothioate is used. Following extension of the primer, the template is digested 
by chemically-promoted cleavage at the modified linkage positions. The choice of template-modified intemucleoside 
linkage and template-digestion reagent will depend upon the type of cleavable site present in the primer. Digestion of 
5 template is typically carried out under conditions which leave the primer cleavable site intact. Cleavage of a phospho- 
rothioate linkage (5'-(0)-P(S)0 2 ) can be effected by treatment with glycidol or iodoethanol (Olsen), while selective 
cleavage of a phosphoramidate bond is typically carried out under mild acidic conditions, such as by treatment with 
80% acetic acid. 

[0125] In utilizing exonuclease-promoted digestion of template (as indicated by (iv) above), the primer extension 
10 product is modified to contain a suitable exonuclease-resistant blocking group as described previously. Upon exonu- 
clease treatment with either a 3'-5' specific or a 5* -3' specific exonuclease, the "protected" primer extension product 
then remains intact, due to the presence of the blocking group. In utilizing a 3' -5' exonuclease (e.g., snake venom 
phosphodiesterase or exonuclease III), a suitable blocking group is placed at the 3' terminus of the extension product 
to prevent enzyme-promoted degradation. 
is [0126] The relative concentration of template to solid-bound intermediary oligonucleotide, can also be minimized, 
for example, (i) by performing cycle synthesis procedures with limited amounts of template (e. g., cycle sequencing or 
strand displacement amplification), or (ii) adding a large excess {e.g., 10 to 100-fold) of intermediary oligonucleotide 
to the reaction mixture. 

[0127] Returning now to Fig. 8, under conditions which favor hybridization of the primer extension product to the 
20 solid phase bound intermediary oligonucleotide, the primer extension product is immobilized 25 by hybridization to the 

solid phase bound intermediary oligonucleotide 23 to form captured product 27 and free (i.e., single stranded template). 

The 5' end of the solid phase bound intermediary oligonucleotide may terminate before or after the cleavable site of 

the modified primer. After immobilization as described above, excess reaction products are removed by washing 29 

to provide a purified immobilized product 31 . The immobilized product is cleaved 33 to release the extension segment 
25 35 for subsequent analysis. 

[0128] In accordance with the present invention, immobilization of a cleavable extended primer by hybridization to 

an intermediary solid phase bound oligonucleotide is described in Example 6. 

[0129] Briefly, a modified Ml 3 reverse primer containing a 5'-(S)-thymidine cleavable group (SEQ ID NO:12) was (i) 
hybridized to a single-stranded target, and (ii) enzymatically extended in the presence of dideoxythymidine to produce 

30 a set of dideoxythymidine- terminated extension fragments at a 8:1 ratio of primer to template. The single stranded 
extension products were then annealed to an intermediary oligonucleotide (SEQ ID NO:1 3) complementary to the M1 3 
reverse primer and biotinylated at the 3' end. The extension product-intermediary oligonucleotide hybrids were then 
immobilized by addition of streptavidin-coated magnetic beads, washed, and the extension product released by silver- 
nitrate promoted cleavage of the 5'-(S)-thymidine cleavable group. The extension segments were analyzed by MALDI 

35 time-of-flight mass spectrometry, as shown in Fig. 1 3. As can be seen, extension segments with read lengths up to at 
least about 33 base pairs can be detected with good resolution. 

[01 30] In a variation of the above approach, as shown in Fig. 9, the primer 39 is designed to contain an immobilization 
attachment site 38 contained in the first primer region composed of a series of bases complementary to an intermediary 
oligonucleotide bound to a solid support. However, in this embodiment, the intermediary oligonucleotide does not share 

40 homology with the template molecule 45, so that the intermediary oligonucleotide and template do not compete with 
one another for hybridization to the primer. As illustrated in Fig. 9, following enzymatic extension to form extension 
segment 43, the primer is immobilized by specific hybridization to the solid phase bound intermediary oligonucleotide 
37. This design of primer, template, and intermediary oligonucleotide allows for simultaneous, non-com pet it ive hybrid- 
ization ofthe primer to both the template and intermediary oligonucleotide. The solid phase bound extension product 

45 is washed and the template is eliminated 47 to provide a purified immobilized product 49, which is then cleaved 51 at 
cleavable site 41 to release extension segment 53 for subsequent size and/or sequence analysis as described for Fig. 
8 above. 

[0131] Alternatively, a primer of the present invention may be bound to a solid phase via hybridization to a target 
nucleic acid which is immobilized, as shown in Fig. 10. In utilizing this approach, the target molecule 61 acts as both 

so a template for enzymatic extension of the primer 55 and as an intermediary for solid phase binding of the primer. The 
template can be attached to the solid phase either before or after carrying out enzymatic extension of the primer to 
form the extended primer segment 59. As has been described, immobilization of the primer extension product allows 
for ready removal of excess enzyme, salts, etc., 63, to provide a purified immobilized primer extension product 65. 
Prior to analysis, the extended primer is denatured from the template 67 and released into solution. Cleavage at the 

55 cleavable site 57 promotes release of an extension segment 71 and a fragment composed of the first primer region 
69. Depending upon the design of the primer and the mode of product analysis, the presence of primer fragment 69 
may adversely impact the quality of the subsequent product analysis. In these instances, the same methods used to 
eliminate template, as described above, may be used to eliminate fragment 69. In cases in which the extension segment 
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is sized by mass spectrometry, the mass of fragment 69 can, in some instances, be selected to avoid interference with 
product peaks in the resulting mass spectra, and may also be used to provide an internal mass standard. 
[0132] Upon attachment of the immobilization attachment site to a solid support, the resulting immobilization linkage 
is generally one which remains stable under the conditions employed for cleaving the cleavable site and does not 

5 inhibit base pair hybridization nor block the ability to extend the primer from its 3' end. 

[0133] In the modified primer of the invention, the immobilization attachment site is typically separated from the 
cleavable site by at least three nucleotides. In a preferred embodiment, upon selective cleavage of the cleavable site, 
* a targe portion of the primer fragment remains affixed to the solid support. This enables the release of primer extension 
products that typically contain about five or fewer base pairs of the primer sequence, to provide more useful sequence 

w information per fragment than extension products containing the entire primer. 

[01 34] The modified primers of the present invention may, for example, be used for detecting a genetic disorder for 
which the nucleotide sequence of both the wild type and mutant alleles are known. A modified primer for this purpose 
will have a 5' end and a 3' end and contain from about 8-30 base pairs complementary to the gene sequence upstream 
from the known mutation site. Preferably, the 3' end of the primer is complementary to a site upstream from the known 

15 mutation region by at least about ten base pairs, to provide verifying sequence information on either side of the mutation 
region. 

[0135] In accordance with one aspect of the invention, the modified primer also contains (i) an immobilization site 
for attachment to a solid support and (ii) a cleavable site. One primer design according to the present invention is one 
in which the immobilization site is located 5' of the cleavable site which is preferably located at or within about five 

20 base pairs from the 3' end of the primer. 

[0136] This modified primer is then used as a probe to distinguish the presence of DNA containing the mutant se- 
quence of interest. The primer is (i) hybridized to an unknown, single-stranded, target DNA sequence utilizing conditions 
under which both the mutant and the normal sequences will anneal stably to the primer, and (ii) enzymatically extended. 
Primer immobilization may optionally take place either before or after chain extension. Following chain extension and 

25 release of the immobilized primer extension products by selective cleavage of the cleavable linkage, the primer exten- 
sion products are analyzed to determine the sequence across the known mutation region and identification of the 
genetic disorder, if present. 

[0137] An exemplary modified primer containing 20 deoxynucleotide residues and specific for its ability to detect a 
known genetic disorder is shown in Figs. 6Aand 6B. As indicated, the modified primer contains a first region containing 
30 an immobilization attachment site, "I", that is 5' of the cleavable site, "X", and consists of a total of 16 nucleotide 
residues. The second region contains the 3' end of the primer and contains 4 nucleotides (C-T-G-C). The cleavable 
linkage, X, connects the first and second regions. 

[0138] In illustrating this aspect of the invention, the modified primer as shown in Fig. 6 A (top) and having the se- 
quence presented as SEQ ID NO:2, is first hybridized to a single stranded DNA target having the sequence presented 

35 as SEQ ID NO:3, as shown in Fig. 6A. Typically, the hybridization medium contains (i) denatured, unknown (target) 
DNA from a human or other biological source, (ii) the modified probe, and (iii) annealing buffer, such as 5X "SEQUE- 
NASE" Buffer (200 mM Tris-HCI, pH 7.5, 100 mM MgCI 2 , 250 mM NaCI) (United States Biochemical Corporation, 
Cleveland, OH). The annealing reaction is carried out by warming the above mixture to 65°C for two minutes, and then 
allowing the mixture to cool slowly to room temperature over a period of about thirty minutes (Maniatis, et a/., 1982; 

40 Ausubel, etal, 19B9). 

[0139] Following hybridization, the modified primer is extended on the single stranded template with deoxynucle- 
otides and randomly terminated with dideoxynucleosides using DNA polymerase (e.g., "SEQUENASE" DNA Polymer- 
ase, Version 1.0 or 2.0) to perform DNA synthesis (Primings, et at., 1980; Sanger, 1975). As indicated in Fig. 6A, 
extension occurs from the 3' end of the modified primer. The primer extension products are denatured from the target, 
45 typically using heat or a chemical denaturant such as formamide, to provide a mixture of both primer extension products 
and target DNA. (See for example "PROTOCOLS FOR DNA SEQUENCING WITH SEQUENASE T7 DNA POLYMER- 
ASE", Version 1.0 or 2.0, 4th ed., United States Biochemical, or "CIRCUMVENT Thermal Cycle Dideoxy DNA Se- 
quencing Kit Instruction Manual", New England Biolabs, Inc., Beverly MA). 

[0140] As shown in Fig. 6B, the primer extension products are then bound to the solid support at the immobilization 
so attachment site, although immobilization may optionally be carried out prior to enzymatic extension and/or denaturation. 
By immobilizing the extended primers, the target DNA strands which remain free in solution are readily removed, along 
with excess reagents, ions, enzymes and the like, in a series of wash steps. Generally, the solid substrate is washed 
with large volumes of a wash solution (e.g., 10 mM TrisHCI, 1 mM EDTA; or pure water) at room temperature. 
[0141] The solid particles, containing immobilized primer extension products and free of impurities, are then submit- 
ss ted to conditions effective to selectively cleave the cleavable site while maintaining the first primer region having the 
sequence presented as SEQ ID NO:4 affixed to the solid support as shown in Fig. 6B. As indicated in the particular 
embodiment illustrated in Fig. 6B, selective cleavage results in release of primer extension products containing only 
four nucleotides from the original modified primer. The supernatant containing the released extension segments is 
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suitable for subsequent analysis. 

[0142] Immobilization simplifies purification of the primer extension products for subsequent analysis. As discussed 
above, undesirable enzymes, salts, reagents, and sequencing targets are washed away prior to selective cleavage of 
the extension product. 

s [0143] In immobilizing the modified primers of the present invention, the first region of the primer may be attached 
to the solid support material either prior to or after introduction of the cleavable site. Any of a number of methods 
commonly employed in the art may be utilized to immobilize an oligonucleotide on a solid support (Saiki, et al. t 1989; 
Zhang, etai, 1991; Kremsky, etai., 1987; Van Ness, etai, 1991; Ghosh, etai, 1987; Gingeras, etai, 1987; Khrapko, 
etai, 1991). Solid support materials for use in the invention include cellulose, nitrocellulose, nylon membranes, con- 

io trolled-pore glass beads, acrylamide gels, polystyrene matrices, activated dextran, avid in/streptavid in-coated polysty- 
rene beads, agarose, polyethylene, functionalized plastics, glass, silicon, aluminum, steel, iron, copper, nickel, silver 
and gold. 

[01 44] Some substrates may require functionalization prior to attachment of an oligonucleotide. Solid substrates that 
may require such surface modification include aluminum, steel, iron, copper, nickel, gold, and silicon. In one approach, 

is the solid substrate material is functionalized by reaction with a coupling agent, such as a zircoaluminate. 

[0145] Zircoaluminates generally contain both oxo and hydroxy bridges and are characterized by high thermal and 
hydrolytic stability. Such compounds, due to their highly metallic nature, are particularly reactive with metal surfaces 
such as the metallic solid supports described above. Bi-functional zircoaluminates containing a variety of organofunc- 
tionat groups are commercially available (e.g., "MANCHEM" Zircoaluminates, Rh6ne-Poulenc Latex & Specialty Pol- 

20 ymers, Cranbury, NJ). 

[0146] Upon attachment to a solid support, the oligonucleotide, typically DNA, should couple efficiently to the solid 
support material. Further, the immobilized DNA should be both stable upon immobilization and accessible for base 
hybridization and other potential derealization reactions. The immobilization attachment site should remain stable 
under the conditions employed for selectively cleaving the cleavable site in the modified oligonucleotide composition 
25 of the invention. 

[0147] Coupling of an oligonucleotide to a solid support may be carried out through a variety of immobilization at- 
tachment functional groups. Immobilization attachment sites for use in the present invention include those illustrated 
in Figs. 2A-2M. Attachment of the support material to the oligonucleotide may occur by reaction between the reactive 
site on the support and a reactive site contained within the oligonucleotide or via an intervening linker or spacer mol- 
30 ecule. 

[0148] Although any suitable functional group fulfilling the desired criteria above may be used to attach the oligonu- 
cleotide to the support, preferred linkages include disulfide (Fig. 2G), carbamate (Fig. 2B), hydrazone (Fig. 2J), ester 
(Figs. 2C, 21 and 2K, where Y equals oxygen), (N)-functionalized thiourea (Fig. 2D), functionalized maleimide (Fig. 
2A, where Y equals sulfur, oxygen, or nitrogen), streptavidin or avidin/biotin (Fig. 2L), mercuric-sulfide (Fig. 2E), gold- 

35 sulfide (Fig. 2M), amide (Figs. 2C, 21 and 2K, where Y equals nitrogen), thiolester (Figs. 2C, 21 and 2K, where Y 
equals sulfur). Other suitable functionalities for attaching to a solid support material include azo, ether, and amino. 
[0149] The immobilization attachment site may be located (i) as a substituent along the modified primer backbone 
{e.g., derivatization occurring at a terminal S'-hydroxyl position), (ii) as a substituent on one of the bases or sugars of 
the modified primer, (iii) in the first region of the primer, composed of a series of bases complementary to a solid phase 

40 bound intermediary oligonucleotide, (iv) within a nucleic acid extension segment resulting from an enzymatic extension 
reaction, or (v) contained within a target nucleic acid. 

[0150] Immobilization via a base pairing interaction between the primer and a solid phase bound intermediary oligo- 
nucleotide (SPBIO) is shown in Figs. 8 and 9. Indirect immobilization of the primer extension product via a base pairing 
interaction to solid phase bound template is shown in Fig. 10. 

4$ [0151] Solid support materials for use in coupling to an oligonucleotide include functionalized supports such as the 
1,1 '-carbonyldiimidazole activated supports available from Pierce (Rockford, IL) or functionalized supports such as 
those commercially available from Chiron Corp. (Emeryville, CA). Solid supports for use in the present invention include 
matrix materials such as 6% cross-linked agarose, Trisacryl GF-2000 (a hydrophilic matrix material) and TSK HW-65F, 
all activated with 1 , 1 '-carbonyldiimidazole (Pierce). Immobilization is typically carried out by reacting a free amino group 

so of an amino-modified oligonucleotide with the reactive imidazole carbamate of the solid support. Displacement of the 
imidazole group results in formation of a stable N-alkyl carbamate linkage between the oligonucleotide and the support 
as shown in Fig. 2B. Coupling is usually carried out at pHs ranging from 9-11 although a pH range from 9.5-10 is 
preferable. Coupling to pH sensitive materials may be carried out in buffer at pHs around 8.5. 

[0152] Amino-modified oligonucleotides for use in attaching to a solid support may be synthesized using standard 
55 solid phase DNA synthesis methodologies employing, for example, the modified nucleoside phosphoramidite Amino- 
Modifier-dT (Glen Research, Sterling VA), which contains a base labile trifluoroacetyl group protecting a primary amine 
attached to thymine via a 10-atom spacer arm, phosphoramidite 5'-Amino-Modifier C6 (Glen Research, Sterling VA), 
which contains a primary amino group protected with an acid labile monomethoxytrityl group,orN-trifluoroacetyl-6-ami- 
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nohexyl-2-cyanoethylN',N'-isopropylphosphoramidite(Applied Biosystems, Foster City, CA). Although amino-contain- 
ing oligonucleotides are most commonly prepared using phosphoramidite chemistry, any other method which leads to 
oligonucleotides containing primary amine groups may also be used. 

[0153] Amino-modrfied oligonucleotides are readily transformed to the corresponding thiol or carboxy I -terminated 
s derivatives for use in immobilization or spacer arm attachment reactions requiring 5'-f unctionalities other than amino. 

Amino-modifiedoligonucleotides may be converted to the corresponding carboxyl derivatives by reaction with succinic 

anhydride (Bischoff, et a/., 1987). If desired, the carboxyl -derivatized primer may be coupled to a bifunctional linker 

such as 1 ,6-diaminohexane prior to attachment to the solid support by carrying out the coupling reaction in the presence 

of an activating agent such as a water soluble carbodiimide. 
10 [0154] Thiol-modified oligonucleotides may be prepared by treating the deprotected S'-amino group of a functional- 

ized oligonucleotide with dithiobis(succinimidylpriopionate), followed by sulfhydryl deprotection with dithioerythritol 

(Bischoff, et al., 1987). 

[0155] Oligonucleotides containing free amino, thiol, and hydroxy! functions may also be coupled to supports by 
utilizing epoxide ring-opening reactions (Maskos, etal., 1992). One such exemplary epoxy-activated solid support is 
*5 available from Pierce (Rockford, IL) and contains 1 ,4-butanediol diglycidyl ether-activated agarose. Coupling reactions 
are typically carried out at pHs from 7.5-13, depending upon the stability of the molecule to be immobilized. In immo- 
bilization reactions carried out with the above Pierce support, the resulting immobilized oligonucleotide is separated 
from the solid support by a 1 3-atom hydrophilic spacer arm. 

[0156] In another immobilization approach, aldehyde groups of a modified oligonucleotide are coupled to hydrazide 
20 groups on a solid matrix as shown in Fig. 2J. A primary hydroxy! group on an oligonucleotide is first oxidized to the 
corresponding aldehyde, typically with a mild oxidant such as sodium periodate. The oligonucleotide is then coupled 
to a hydrazide-containing matrix such as Pierce's CarboLink™ Hydrazide. The coupling reaction is performed at neutral 
PH. 

[0157] Alternatively, the immobilization reaction is carried out using a thiol-derivatized oligonucleotide which is cou- 

25 pled to a functionalized matrix such as Pierce's Immobilizedp-Chloromercuribenzoate (Fig. 2E). The support is a cross- 
linked agarose containing an ethylene diamine spacer and coupling takes place via affinity binding between the mercury 
and sulfur atoms. Similarly, as shown in Fig. 2M, immobilization may be carried out by anchoring a S'-thiolated primer 
to a gold surface (Hegner, era/., 1993a). Using this approach, the modified primer is chemisorbed onto a gold surface 
{e.g., the solid support) via thiolate bonding. The preparation of polycrystalline gold surfaces has been previously 

30 described (Hegner, etal, 1993b). 

[0158] Functionalization may also be carried out using a homo- or hetero- bifunctional crosslinker, such as Pierce's 
Sulfo-SMCC. Cross-linkers for use in the present invention will typically contain spacer arms between about 3-20 
angstroms in length. Cross-linkers for use in coupling an oligonucleotide to a solid support will typically contain func- 
tional groups for targeting reactive primary amines, sulfhydryls, carbonyls, and carboxyls. Cross-linking agents for 

35 reaction with primary amino groups will typically contain terminal amidoester groups or N-hydroxysuccinimidyl esters. 
An exemplary linker such as Pierce's Sulfo-SMCC contains a reactive carboxyl group at one end for coupling to amine- 
derivatized solid supports such as hexylamine-derivatized polystyrene beads. The other end of the linker molecule 
contains a reactive maleimide molecule which readily reacts with oligonucleotides containing nucleophilic groups such 
as hydroxy, thio, or amino. Cross-linkers for reaction with sulfhydryl groups typically contain terminal maleimide groups, 

40 alkyl or aryl halides, a-haloacyls or pyridyl disulfides. A variety of chemical cross-linking agents are available from 
Pierce (Rockford, IL). 

[0159] Alternatively, coated plates, such as those available from Pierce, may be used to immobilize the modified 
oligonucleotide. Examples of plates for use in immobilizing the oligonucleotides of the invention include activated plates 
such as Pierce's Reacti-Bind™ Maleic Anhydride Activated Polystyrene Plates and Reacti-Bind™ Streptavidin Coated 
45 Polystyrene Plates. A primary amino-containing oligonucleotide is immobilized on the former plate surface by covalent 
attachment through a stable amide bond formed by reaction between the free amino group of the oligonucleotide and 
the reactive anhydride (Fig. 2H). The latter plates are effective for affinity binding of biotinylated oligonucleotides. Gold- 
coated plates may also be utilized for binding to thiol-derivatized primers. 

[0160] Biotinylated oligonucleotides for use in immobilization to streptavidin or avidin-coated solid supports are pre- 
50 pared as described in Example 2A and shown in Fig. 2L. A variety of biotinylation reagents are commercially available 
{e.g., Pierce) which are functionalized to react with molecules such as modified oligonucleotides containing primary 
amino, sulfhydryl, or carbohydrate groups. 

[0161] Returning to Example 2A, an amino-modified primer is treated with biotin or with a modified form of biotin 
containing an intervening spacer arm, such as NHS-SS-Biotin (Pierce), or NHS-LC-Biotin (Pierce), a biotin derivative 
55 containing an eleven carbon spacer arm between biotin and a terminal N-hydroxylsuccinimide activated carboxyl group. 
The biotinylated primer is then immobilized by attachment to a streptavid in-coated support. Due to the strong non- 
covalent biotin/ streptavidin interaction, the immobilized primer is considered to be essentially irreversibly bound to the 
solid support. This is one preferred immobilization attachment for use in the present invention, as the resulting imrno- 
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bilized complex is unaffected by most extremes of pH t organic solvents, and other denaturing agents (Green, 1975). 
An alternative to avidin(streptavidin)-biotin immobilization is incorporation of a digoxigenin molecule (Sigma, St. Louis, 
MO) in the modified primer with subsequent capture using anti-digoxigenin antibodies. 

[0162] Enzymatic methods may also be utilized for coupling an oligonucleotide to a solid support (Goldkorn, et ai, 
s 1 986). In one exemplary embodiment, a poly(dA) tail is added to the 3' ends of a double stranded DNA using 3'terminal 
transferase. The (dA)-tailed DNA is then hybridized to oligo(dT)-cellulose. To covalently link the DNA to the solid sup- 
port, the hybridized sample is first reacted with a Klenow fragment of DNA polymerase I, followed by treatment with 
T4 DNA ligase. The unligated strand of DNA is separated from the immobilized strand by heating followed by extensive 
washing. The method results in ssDNA covalently linked by its 5' end to a solid support. 
70 [0163] The modified primers of the present invention may also be affixed onto a gold surface. In utilizing this immo- 
bilization approach, oligonucleotides modified at the 5'-end with a tinker arm terminating in a thiol group are chemisorbed 
with high affinity onto gold surfaces (Hegner, et ai, 1993a). Thiolated primers, available through post solid-phase 
synthesis modification using commercially available reagents (Pierce, Rockford IL), are immobilized on a thin layer of 
gold either prior to or following enzymatic extension. The gold layer is deposited onto the sample stage for direct 
is analysis by mass spectrometry following internal cleavage and evaporation. Alternatively, the resulting extension seg- 
ments may be transferred onto an alternate surface prior to analysis. 

Ml. REACTIONS EMPLOYING THE IMMOBILIZED CLEAVABLE OLIGONUCLEOTIDE COMPOSITION 

20 A. HYBRIDIZATION AND EXTENSION 

[0164] The method employed for determining the sequence of a target oligonucleotide strand will often involve 
Sanger-type sequencing using the modified cleavable primers of the present invention. Immobilization of the modified 
primer on the solid support may take place either before or after the enzymatic extension reactions. 

25 [0165] Utilizing the Sanger DNA sequencing procedure, dideoxynucleosides of each of the four bases are obtained 
for inclusion into the reaction mixture. The dideoxy nucleotides are incorporated into DNA by, for example, E. coliDNA 
polymerase since they have a normal 5' triphosphate group. Once incorporated into the growing DNA strand, the 
dideoxynucleoside triphosphate (ddNTP) cannot form a phosphodiester bond with the next incoming dNTP and growth 
of the DNA chain is terminated. 

30 [0166] A typical DNA sequencing reaction using the Sanger method proceeds as follows. The reaction consists of 
a target DNA strand to be sequenced, a modified primer containing a cleavable site in accordance with the invention, 
and that is complementary to the end of the target strand, a carefully controlled ratio of one particular dideoxynucleoside 
with its normal deoxynucleotide counterpart, and the three other deoxynucleoside triphosphates. The modified primer 
may or may not be immobilized to the solid support at this point. (Immobilization may occur either before of after the 

35 enzymatic extension reactions, depending on a number of experimental factors). 

[0167] DNA polymerase is added and normal polymerization begins from the primer. Upon incorporation of a ddNTP, 
the growth of the chain is stopped. A series of different strands results, the lengths of which are dependent on the 
location of a particular base relative to the end of the DNA. The target strand is usually distributed into four DNA 
polymerase reactions, each containing one of the four ddNTPs and a modified primer of the present invention. The 

40 extension reaction is then carried out as described above. 

[0168] Sanger-type DNA sequencing is generally carried out using a DNA sequencing kit such as "SEQUENASE" 
Version 1 .0 or Version 2.0 T7 DNA Polymerase (United States Biochemical, Cleveland OH). The "SEQUENASE" Ver- 
sion 1 .0 kit uses a chemically-modified DNA polymerase derived from bacteriophage T7 DNA polymerase in which the 
high 3'-5' exonuclease activity of the native T7 DNA polymerase is inactivated. 

45 [0169] In using the USB "SEQUENASE" kit, double stranded templates are first denatured (if one is using double 
stranded template), and the primer is then hybridized or annealed to the target by heating for 2 min at 65°C, followed 
by slow cooling to less than 35°C over about 15-30 minutes. Supercoiled plasmid DNAs are denatured by treatment 
with sodium hydroxide, neutralized, and ethanol-precipitated in order to anneal the primer for sequencing. 
[0170] Termination mixtures containing the different ddNTPs are prepared for use in the termination reactions. The 

so annealed DNA mixture is optionally labeled, and the labeled reaction mixture is added to each of the four termination 
tubes. In the present invention, extension reactions are carried out to produce a distribution of products ranging from 
near zero to several hundreds of base pairs in length. Optionally, a stop solution (containing formamide, EDTA, 
bromophenol blue, and xylene cyanol FF) is added to stop the reactions prior to analysis of the resultant samples. 
[0171] For reactions in which the modified primers were not immobilized to a solid support prior to enzymatic exten- 
ds sion, immobilization is carried out as described in Section MB above. 

[0172] The immobilized extended primers are then washed to remove excess enzymes, ions, salts, and other impu- 
rities. In one embodiment, the extended primers are immobilized onto the surface of microtitre wells. Immobilization 
to the solid support facilitates product purification and subsequent isolation by cleavage of the primer at the cleavage 
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site followed by removal in the supernatant. 

[0173] Alternatively, DNA sequencing may be carried out using deoxynucleotide ct-thiotriphosphates, dNTPaSs 
(available from United States Biochemical, Cleveland OH), followed by limited exonuclease-promoted base-specific 
digestion, such as with Exonuclease m (New England BioLabs, Beverly MA) or snake venom phosphodiesterase (Boe- 
s hringer Mannheim, Mannheim, Germany) (Olsen, D. , et at., 1 993). Cleavage of DNA fragments specifically at positions 
of incorporated phosphorothioate groups may also be carried out using chemical reagents such as 2-iodoethanol or 
2,3-epoxy-1-propanol (Nakamaye, etaf., 1988). 

[0174] Briefly, the sequencing of a target DNA sequence using the modified primers of the present invention via the 
incorporation of phosphorothioate nucleosides is carried out as follows. A target DNA sequence is hybridized with a 

jo modified primer as described above. The primer is then extended enzymatically in the presence of one deoxynucleotide 
a-thiotriphosphate (dNTPccS) to generate a mixture of primer extension products containing phosphorothioate linkages. 
The primer extension products are then treated with a reagent that (i) cleaves specifically at the phosphorothioate 
linkages, such as 2-iodoethanol or 2,3-epoxy-1 -propanol, or (ii) digests the DNA downstream from the phosphorothio- 
ate linkage, such as a 3'-5' exonuclease, under conditions resulting in the production of a nested set of base-specific 

is primer extension degradation products. 

[0175] Optionally, the primer extension degradation products are immobilized at the immobilization attachment sites 
to produce immobilized primer extension degradation products, each containing a primer and an extension segment. 
Alternatively, immobilization may be carried out either i) prior to enzymatic extension, ii) after enzymatic extension, or 
iii) prior to treating the phosphorothioate-containing primer extension products with a phosphorothioate-specific cleav- 

20 ing reagent. 

[0176] Subsequent to immobilization, the primer extension degradation products are washed to remove non-immo- 
bilized species. Cleavage at the cleavable site results in the release of extension segments, which are then sized by 
mass spectrometry. Using the sequencing method of this aspect of the invention, the read length of any given extension 
segment is increased relative to the read length of its corresponding primer extension degradation product. 
25 [0177] The steps of hybridization, enzymatic extension, treatment with a phosphorothioate-cleaving reagent, immo- 
bilization, washing, cleaving, and sizing are then repeated with a second, third, and fourth of the four different dNTPaS 
analogs to determine the sequence of the target DNA by comparison of the sizes of the extension segments obtained 
from each of the four extension reactions. 

[0178] The methods and modified primers described herein may also be used for obtaining a fingerprint of a target 

30 oligonucleotide. As described herein, fingerprinting refers to a method of determining the positions of no more than 
two different bases in a target oligonucleotide strand, as opposed to sequencing, which refers to a determination of 
the complete nucleotide sequence of (and also, in the case of a gene exon, the corresponding amino acid sequence 
encoded by) a target nucleic acid, including the identity and position of each nucleotide present in the target strand or 
its complement. DNA or RNA fingerprinting, which requires less reagents, can provide a rapid and cost effective alter- 

35 native to sequencing, and may be used in a number of different applications, e.g., identification of one or more infectious 
agents in a genomic sample from a subject, screening cDNA libraries, screening genes from human or non-human 
genomes to detect mutations, polymorphisms, and for forensic applications. One preferred method for determining a 
single or 2-base fingerprint of an oligonucleotide extension segment, generated using the modified primers of the 
present invention, is mass spectrometry. 

40 [0179] In determining a fingerprint of a target oligonucleotide, a base-specific nested fragment set, containing base- 
specific terminated fragments derived from the target molecule, is produced for subsequent analysis. As referred to 
herein, a nested set is defined as a mixture of biopolymers (e.g., DNA, RNA, peptides, or carbohydrates) for which all 
of the components of the mixture have a common terminus and are produced from a single polymeric sequence. The 
base-specific nested fragment set may be produced, for example, by base-specific chain termination using the Sanger 

45 method or by selective chemical cleavage, to be described below. In instances where amplification of a target molecule 
is desired, amplification is carried out using any of a number of conventional amplification methods including PCR, 
SPA (single primer amplification, NASBA (nucleic acid sequence-based amplification), TMA (transcription-mediated 
amplification), and SDA (strand-displacement amplification). 

[0180] In fingerprinting methods employing a size fractionating device for product analysis, such as a mass spec- 
50 trometer, the resulting single-base fingerprint can often provide indirect information regarding the other bases present 
in the target sequence. For example, the difference in mass (Am) corresponding to the positions of two peaks in a 
mass spectrum may also reveal the composition of the intervening bases, to be described as follows. 
[01 81 ] To determine a single base fingerprint of a target oligonucleotide, such as a thymidine fingerprint, a thymidine- 
specific nested fragment set is produced as described above. The resulting fragment family, containing a number of 
55 thymidine-terminated nucleotide fragments, is typically purified and analyzed by a size fractionation method, such as 
mass spectrometry. To increase mass spectrometry performance, mass-modified nucleotides can be utilized. The 
resulting mass spectrum contains a number of peaks, each corresponding to the mass of a particular thymidine-ter- 
minated fragment present in the product mixture. The differences in mass between the various thymidine-terminated 



20 



BP 0 828 855 B1 



fragments is then correlated with the calculated mass of various combinations of nucleotides, preferably with the as- 
sistance of a computer program containing the molecular weights of the modified primer, the portion of the primer 3' 
of the cleavable site, and each of the various nucleotides, to identify the combination of nucleotides intervening between 
the known thymidine positions. 
5 [0182] As an illustration, in considering the difference in mass between two given fragment peaks, an exemplary 
mass difference of 1 ,276 mass units corresponds uniquely to the following base composition: (two G) + A + T. A single 
base fingerprint can thus be used to (i) identify the locations of a particular base within a target sequence, and (ii) 
determine the base composition within localized regions of a target sequence. 

[01 83] For applications requiring a greater level of detail, a second base-specific nested set is produced and analyzed 
io to produce a second fingerprint as described above. Different base-specific nested sets can be produced in a single 
reaction vessel, or in separate reactions, depending upon the method utilized and the corresponding reagents required. 
The different base-specific nested sets (e.g., thymidine-terminated fragments and cytid in e -terminated fragments) may 
be analyzed separately, or as a mixture. 

[0184] Use of a single base fingerprint for detection of a point mutation is illustrated in Example 7. Briefly, the cytosine 

is fingerprints of two distinct single stranded DN A targets (SEQ ID NO:14 and SEQ ID NO: 1 5) having sequences differing 
only at positions 16 and 19, relative to the 3' end (counting upstream after the priming region), were determined using 
dideoxycytosine triphosphate to produce a family of cytosine-terminated nucleotide fragments, followed by analysis of 
the resulting reaction product mixtures by mass spectrometry (Fig. 14A, 14B). The exact mass values corresponding 
to the differences between select peaks in each of the spectra were calculated, confirming the presence of two single 

20 nucleotide substitutions (point mutations) at positions 16 and 19. 

[0185] In an alternative approach, a base-specific nested fragment set is produced by selectively cleaving a DNA or 
RNA molecule modified to contain selectively cleavable groups (e.g., dUTP or amino functionalized nucleoside triphos- 
phates) at positions corresponding to a particular base. The resulting uridine-modified oligonucleotide is then treated 
with uracil DNA glycosylase to form a set of fragments, preferably a nested set captured onto a solid phase. Similarly, 

25 a S'-amino-modified target molecule is cleaved by treatment with acid. 

[0186] Preferably, the above fingerprinting method employs the cleavable primers of the invention to remove the 
majority of the primer from the primer extension fragments. By reducing the mass of the analyte fragments, the distri- 
bution of products is shifted into the region where mass spectrometry has higher mass accuracy and resolution. Ad- 
ditionally, it may be useful to mass modify the different nucleotides by introducing any of a number of mass modifying 

30 functionalities {e.g., by replacing thymidine with S'-bromouridine, or utilizing an immobilization attachment site, spacer 
arm, or alternative internucleotide linkage, as described above) to enhance the mass difference between the different 
nucleotides. 

[0187] In a second fingerprinting approach, a restriction endonuclease is used to generate a non-random fragmen- 
tation pattern, useful, for example, for detecting mutations. 

35 [0188] In an alternate embodiment of the invention, target DNA for sequencing or fingerprinting is amplified using 
the polymerase chain reaction or PCR (Mullis, 1987; Mullis, et al, 1987; Kusukawa, et al, 1990; Gyllensten, 1989). 
Briefly, PCR amplification is typically carried out by thermal cycling a cocktail containing the target DNA of interest, a 
mixture of deoxynucleotide triphosphates (dNTPs), a reaction buffer, each of two primers, and an extension enzyme 
such as Taq DNA polymerase (United States Biochemical, Cleveland OH) (Erlich, 1 969; Innis, 1 990). A PCR run profile 

40 typically consists of a 5-minute denaturation step at 94°C, followed by 30 cycles of 15 seconds at 94°C, 15 seconds 
at the annealing temperature, and 1 minute at 72 6 C. Following thermal cycling, the samples can be maintained at 4°C 
until removal from the thermal cycler. Annealing temperatures range from about 55°C to 65°C, although most target 
sequences amplify well at 60°C. 

[0189] Amplification is followed by hybridization with the modified primers of the present invention, enzymatic exten- 
ds sion and sequencing of the products as described above. 

[01 90] Fig. 1 2 illustrates PCR amplification of a template molecule using the modified primers of the present invention. 
[0191] As an alternative to using dideoxy chain terminators, PCR can be combined with dUTP incorporation to pro- 
duce a nested set terminated at the sites of dUTP incorporation by treatment with uracil DNA^glycosylase. PCR can 
also be combined with phosphorothioate methods, as described above. 
50 [0192] In accordance with the present invention, amplification can be carried out using first and second primers, 
where one of the primers, /. e.. the first primer 95, contains a cleavable site 99, and another primer, i.e., the second 
primer 105, contains an immobilization attachment site for binding to a solid support. The second primer is composed 
of a 5' end and a 3* end, is homologous to the target nucleic acid, and includes a first segment containing the 3' end 
of the second primer, and a second segment containing the 5' end of the primer and an immobilization attachment site. 
ss [0193] These first and second primers are combined with a target nucleic acid 103 to generate primer/nucleic acid 
complexes and converted to double-stranded fragments 109 in the presence of a polymerase and deoxynucleoside 
triphosphates, as indicated at 107. The sizing method can be carried out using a large excess of target nucleic acid to 
generate substantial amounts of primer extension product, or alternatively, may be coupled with various rounds of 
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amplification. Upon achieving a desired amount of product 109, extension products containing the second primer are 
immobilized 117 by attachment at the immobilization attachment site, either before or after cleavage at the cleavable 
site. The extension product is then cleaved 111 at the cleavable site to generate a mixture which includes a double- 
stranded product 115. Non-immobilized cleaved fragments are removed 119, preferably by washing, and the purified 
s double-stranded product 121 is denatured 123 to release the extension segment 125, which is sized by mass spec- 
trometry, where the read length of the extension segment is increased relative to the read length of the primer/nucleic 
double stranded fragments, 

[0194] As will be appreciated, the cleavable site of the first primer and the immobilization attachment site of the 
second primer include those of the types described above. 

10 [01 95] In the exemplary embodiment illustrated in Fig. 1 2, the first primer 95 contains a restriction enzyme recognition 
site 97 in the first primer region 1 01 , and a cleavable site 99 in the second primer region, and the second primer contains 
an immobilization attachment site for attachment to a solid support. Cleavage at the cleavable site is carried out by 
addition of a restriction endonuclease selective for the recognition site contained in the first primer region to provide 
(i) released fragments containing the first region of the first primer and (ii) a double-stranded product, which is immo- 

is bilized prior to denaturing for release of the desired extension segment. As illustrated in Fig. 12, restriction endonu- 
clease-promoted cleavage results in the release of a double stranded product. 115, and a short double stranded frag- 
ment, 113, containing the first region of the primer. 



B. CLEAVAGE 

20 

[0196] Cleavage of the selectively cleavable site is carried out as described in Section II A and in Examples 1 A-D 
and Example 3. Returning to this aspect of the invention, internucleoside silyl groups such as trialkylsilyl ether and 
dialkoxysilane are cleaved by treatment with fluoride ion. Base-cleavable sites for use in the present invention include 
(i-cyano ether, S'-deoxy-S'-aminocarbamate, S'-deoxy-S'-aminocarbamate, urea, 2'-cyano-3',5'-phosphodiester, 2'- 

25 amino-^.S'-phosphodiester, ester and ribose. Thio-containing internucleotide bonds such as 3'-(S)-phosphorothioate 
and 5'-(S)-phosphorothioate are cleaved by treatment with silver nitrate or mercuric chloride. Acid cleavable sites for 
use in the present invention include 3 , -(N)-phosphoramidate, 5'-(N)-phosphoramidate, dithioacetal, acetal and phos- 
phonic bisamide. An a-aminoamide internucleoside bond is cleavable by treatment with isothiocyanate, and titanium 
is used to cleave a 2 , -amino-3\5 , -phosphodiester-0-ortho-benzyl internucleoside bond. Vicinal diol linkages are cleav- 

30 able by treatment with periodate. Thermally cleavable groups include allylic sulfoxide and cyclohexene while photo- 
labile linkages include nitrobenzylether and thymidine dimer. 

[0197] Cleavage conditions are utilized which leave the immobilization attachment site intact, so that a major portion 
of the primer remains affixed to the solid support. Preferably, cleavage of the cleavable site results in primer extension 
products containing five or fewer base pairs from the primer sequence. This maximizes the amount of sequence mfor- 
35 mation provided upon subsequent analysis. 



C. ANALYSIS 



SO 



[0198] Any of a number of size fractionating devices may be used to determine the sequence of a target oligonucle- 
otide fragment. Size fractionation methods for use in the present invention include gel electrophoresis, such as poly- 
acrylamide or agarose gel electrophoresis, capillary electrophoresis, mass spectrometry, and HPLC. 
[0199] In methods employing gel electrophoresis sizing and analysis, the DNA fragments are typically labeled with 
either radioisotopes or with attached fluorophores, and visualized using autoradiography or fluorescence detection, 
respectively. 

[0200] The modified primers of the present invention are particularly advantageous when they are used to generate 
oligonucleotide fragments whose sizes are to be resolved using technologies that currently have difficulty resolving 
fragments of over about 100 base pairs differing by one nucleotide in length, such as mass spectrometry. 
[0201] One preferred method for oligonucleotide analysis using the modified oligonucleotide composition of the in- 
vention is mass spectrometry, and particularly matrix-assisted laser desorption ionization (MALDI) mass spectrometry, 
preferably carried out on a time-of -flight (TOF) mass spectrometer (Wu, et al, 1993). MALDI mass spectrometry pro- 
vides a rapid and efficient method for oligonucleotide sequencing. 

[0202] MALDI -TOF mass spectrometry may be used to provide unfragmented mass spectra of mixed-base oligonu- 
cleotides containing more than 100 base pairs. Moreover, mass spectral resolution of sequences currently to at least 
about 40 base pairs in length may be attained. 

[0203] In this method, pulsed ultraviolet laser light is used to desorb an oligonucleotide out of an absorbing solid 
matrix, which causes creation of free, unfragmented, charged oligomers. Mass analysis is done in a timeof-flight mass 
spectrometer. Singly charged molecular ions are typically the most abundant species and fragment ions are minimized. 
[0204] In preparing the sample for analysis, the analyte is mixed into a matrix of molecules which resonantly absorb 
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at the laser wavelength. Solid matrix materials for this use include 3-hydroxypicolinic acid (Wu, et al t 1993), a-cyano- 
4-hydroxycinnamic acid (Youngquist, ef ai, 1994), nicotinic acid (Hillenkamp, 1988), and ice (Nelson, et a/., 1989), 
although a preferred material is 3-hydroxypicolinic acid. 

[0205] Examples 4 and 5 include detailed descriptions of MALDl-TOF mass spectral analyses of modified oligonu- 
5 cleotide compositions according to the present invention. Example 8, in conjunction with Figs. 1 5A and 1 5B, illustrates 
the difference in fragment information obtained for cleaved primer extension segments according to the invention (Fig. 
15B) versus non-cleaved full primer-extension segments (Fig. 15A). 

[0206] As described in Example 3, a synthetic 1 7-mer DNA probe containing a cleavable ribose in the 7-position was 
selectively cleaved by ammonium hydroxide treatment. Mass spectra of the intact mixed base primer prior to (Fig. 3A) 
10 and after (Fig. 3B) ammonium hydroxide treatment reveal the selective cleavage of the ribose linkage. As shown in 
Fig. 3A, two sizable peaks were observed for the intact 1 7-mer corresponding to the di-protonated molecular ion 
[M+2H] 2+ and the protonated molecular ion [M+H] + . Following ammonium hydroxide treatment, peaks corresponding 
to the expected cleavage products, the 7-mer, the 10-mer, and intact 1 7-mer, were readily observable and identifiable, 
as illustrated in Fig. 3B. 

is [0207] Similarly, mass spectral analysis was carried out on a biotinylated 1 8-mer containing a ribose in the 1 0 position 
and captured on streptavidin-coated beads, as described in Example 5. The immobilized primer was washed after 
surface binding, followed by treatment with ammonium hydroxide to effect selective cleavage of the immobilized primer 
at the ribose site. Figure 4 illustrates the mass spectrum of the 8-mer resulting from selective cleavage of the ribose 
site within the immobilized primer. 

20 

IV. UTILITY 

A. GENOMIC SEQUENCING 

25 [0208] The method of the present invention may be used for both "shotgun-type" sequence analysis and "directed 
walk". In the shotgun approach, a random sequence of DNA is selected and used to prime on an unknown target. This 
approach uses large numbers of primers to increase the possibility of successfully hybridizing with an unknown target 
sequence. In one embodiment of this approach, a multi-well assay format is used where each well has a different 
primer and the same substrate (i.e., the target DNA molecule) is added to each well under hybridization conditions. 

30 The primers in the wells are the modified primers of the present invention where immobilization to the well surface is 
through the primer immobilization site. Primer extension reactions are carried out. Extension products are only formed 
in wells where complementary sequences exist between the primer and the substrate. Each well is examined for the 
presence of extension products. Extension products are then sequenced and sequences assembled for any given 
target DNA molecule based on the known sequences of the primers that yielded extension products and base sequence 

35 overlap from the extension product sequences (i.e., alignment of the extension product sequences). In using the mod- 
ified primers of the present invention, the amount of sequence information for the extension segments is maximized 
over that obtained with similar techniques employing conventional primers, due to cleavage and removal of a large 
portion of the primer prior to fragment analysis (e.g., increased read lengths). Further, the method, when coupled with 
analysis by mass spectrometry, is fast and can provide large amounts of data in a relatively short period of time. 

40 [0209] In a related approach, the present method may be used to sequence or fingerprint short reads of cDN A inserts 
for purposes of gene mapping and identification. These short reads identify each insert uniquely and are called Ex- 
pressed Sequence Tags (ESTs) or Expressed Fingerprint Tags (EFTs). In preparing a cDNA library, cDNA copies of 
mRNAs are first inserted into a standard cloning vector such as pBlueScript. A modified primer according to the present 
invention is designed to hybridize to the pBlueScript vector sequence with its 3* end immediately adjacent to the cDN A 

45 insert. Primer extension and sequencing or fingerprinting reactions are then carried out which read into the insert and 
identify its sequence or fingerprint. In order to identify a unique length of sequence, a minimum read length for the 
extension segment is typically 30 bases, although a preferred read length is at least about 40 bases. 
[0210] In an alternative embodiment, an array of the immobilized, cleavable primers can be formulated (Fodor, et 
al., 1991; Southern, era/., 1992). In this aspect of the invention, the array consists of the modified primers of the present 

so invention where the cleavable linkage is, for example, a photocleavable linkage (e.g., backbone nitrobenzyl group) 
and the primer is attached to the support matrix through the immobilization site of the modified primer. In this embod- 
iment, the target DNA molecule is hybridized to the primers, primer extension reactions carried out and the different 
sequence primers are sequentially cleaved and the presence or absence of an extension product is determined. When 
extension products are detected their sequences can be determined as described above. 

55 [0211] In the directed walk approach, a known DNA sequence is used as the primer sequence, thus providing an 
initiation point for sequencing in both directions away from the known region. Each newly identified sequence is then 
used to direct the synthesis of new primers to enable progression of the sequence walk. 
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B. DIAGNOSTICS 



[021 2] A number of synthetic oligonucleotides are available or may be readily synthesized which are complementary 
to target nucleic acid sequences (e.g., RNA or DNA) and may be used as probes to detect the presence of certain 

5 bacteria, viruses, fungi, parasites and the like. 

[0213] The oligonucleotide composition of the present invention may be used, for example, to detect the presence 
of specific DNA or RNA sequences or fingerprints corresponding to the following targets (/) herpes viruses such as 
cytomegalovirus (CMT), Epstein Barr, and Simplex Herpesvirus; (//) hepatitis viruses such as hepatitis A, B, G, and D; 
(Hi) papillomaviruses such as human papilloma virus 6, 11, 16, 18, and 33; (iv) retroviruses such as human immuno- 

io deficiency virus 1 (HIV I), HIV II, human T-cell lymphoblastic virus I (HTLV I), HTLV It; (v) animal viruses such as pig 
parvovirus and pig mycoplasma hypneumoniae, parvoviruses such as parvovirus B 19; (vi) picornaviruses such as 
rhinovirus (enterovirus) and rhinovirus HRV 2-14; (vii) bacteria such as mycobacterium avium, mycobacterium tuber- 
culosis, chlamydia trachomatis, escherichia coli, streptococci and staphylococci; and (viii) parasites such as trypano- 
soma, toxoplasma, and Plasmodia. 

is [0214] Modified primers of the present invention having the primer sequence, sequences specifically hybridizable to 
nucleic acids from the microorganism of interest, are hybridized to nucleic acids in a sample. Primer extension reactions 
and isolation of extension products is carried out as described above. Presence of the extension product indicates the 
presence of nucleic acid from the microorganism in the sample. The modified primers and sizing method of the present 
invention provide a method for rapid, high throughput screening for the presence of specific, target sequences or 

20 fingerprints using mass spectrometry. 

[0215] In a related embodiment, the modified primers of the invention can be used to identify pathogens by direct 
sequencing or fingerprinting. In one such approach, a particular region of genomic DNA is identified which has segments 
that are common among a large population of pathogens {e.g., conserved regions) located next to regions that contain 
unique sequences for each pathogen {e.g., variable regions). One such exemplary sequence is from DNA that is 

25 transcribed into bacterial 16 S ribosomal RNA, or 16 S rRNA (Olsen, G.J., et ai, 1992). All 16 S-like rRNAs contain 
the same core structure. Nucleotides which are conserved in 90% of the available bacterial 16 S rRNA sequences 
have been identified (Schmidt, era/., 1994). 

[0216] Pathogen identification using rRNAs as described above is carried out as follows. In accordance with the 
present invention, a primer is constructed to hybridize to a select region of the 16 S rRNA consensus sequence, for 
30 example, sequence 1047-1065 in 16 S rRNA, where i) the primer has the sequence B'-ACGACANCCATGCANCACC- 
3'(SEQ ID NO:9), and ii) reads into the hypervariable region, e.g., sequence 995-1046. Upon analysis of the primer 
extension segments by mass spectrometry, a single pathogen, if present, can be uniquely identified by determining 
the sequence or fingerprint along the hypervariable region, with a desirable read length of at least 20 bases, and 
preferably, at least 40. 

35 [0217] Alternatively, instead of selecting a conserved region adjacent a hypervariable region, a series of unique 
primers can be created that will hybridize to a hypervariable or unique region of a selected pathogen. Enzymatic ex- 
tension of these primers provides sequence or fingerprint information about an adjacent segment of the hypervanable 
region This methodology enables specific identification of each pathogen present in a mixed population. Utilizing this 
approach, one may target different hypervariable regions for each target pathogen. This approach may be preferred 

40 for identifying viruses for which there is often very little conservation among other viruses or bacteria. 

[0218] In addition to determining the presence of a nucleic acid in a sample from such microorganisms, the present 
invention facilitates the determination of the specific sequences or fingerprints present in a sample. For example, 
specific variants of HIV or trypanosomes can be identified by fingerprinting or sequencing as well as the presence or 
absence of genes responsible for antibiotic resistance. 

45 [0219] The modified primers can likewise be used in diagnostic methods where mutant sequences are distinguished 
from wild-type sequences by sequence variations, such as, deletions, insertions, point mutations. Numerous potential 
target sites can be evaluated by this method including target sites selected from DNA sequences that vary in length 
(e g , BCFVABL) as well as those that vary in sequence {e.g. , sickle cell anemia). The sizing methodology of the present 
invention is particularly suited for the former application {e.g., target sites of varying length). Hybridizations of the 

50 modified primers to target nucleic acids are carried out according to standard procedures, with suitable adjustment of 
the hybridization conditions to allow modified primer hybridization to the target region. 

[0220] Exemplary genetic disorders for detection using the modified primers of the present invention include sickle 
cell anemia and ^ -antitrypsin deficiency (Watson, era/. 1992). As shown in Fig. 7A, sickle cell anemia results from 
a mutation that changes a glutamic acid residue (coded by the triplet GAG) for a valine residue (coded by GTG) at 
55 position 6 in the p-globin chain of hemoglobin. This base change (A to T) destroys the recognition sequence for a 
number of restriction enzymes, including MStll. A modified primer for detecting this disorder would typically contain a 
cleavable site as indicated in Fig. 7A, located about 2 nucleotides from the end of the primer and preferably about 
10-20 nucleotides upstream from the known mutation site. 
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[0221] Also detectable using the modified primers of the present invention is <x1 -antitrypsin deficiency, a disorder 
characterized by uninhibited production of elastase, a protease which destroys the elastic fibers of the lung causing 
patients to suffer from pulmonary emphysema. The <x1 -antitrypsin gene has been cloned and as shown in Fig. 7B, the 
mutant gene, a fragment of which is presented by SEQ ID NO:7, corresponds to a single base change that leads to 

5 an amino acid substitution (glutamine to lysine) at residue 342 as indicated by SEQ ID NO:8. A portion of the wild-type 
al-antitrypsin gene, as shown in Fig. 7B(top), is presented by SEQ ID NO:5. A fragment of the protein produced in 
individuals having the wild type a1 -antitrypsin gene is presented by SEQ ID NO:6. Other diseases for which the cor- 
responding gene mutations have been identified and which may be detected using the modified primers of the present 
invention include Duchenne muscular dystrophy, factor X deficiency, hemophilia and phenylketonuria. Modified primers 

10 used for detecting such disorders typically contain a cleavable site located near the end of the primer, where the end 
of the primer is upstream from the known mutation site (e.g., within about 20 base pairs from a mutation site detected 
in a 40-mer). 

[0222] Detection of a point mutation using the methods described herein is provided in Example 7 and further illus- 
trated in Figs. 14A and 14B. 

is [0223] Another diagnostic example is the detection of BCR-ABL transcripts, which are found in the majority of chronic 
myelogenous leukemia (CML) patients and in Ph + acute lymphocytic leukemia patients, and are believed to be nec- 
essary for the maintenance of leukemic phenotype (Szczylik, etal., 1991; Gale, et ai; Collins, era/., 1984; Daley, et 
ai). The BCR-ABL transcripts are the result of a translocation of the proto-oncogene ABL (chromosome 9) to the 
breakpoint cluster region (BCR) (chromosome 22), resulting in the formation of BCR-ABL hybrid genes. In this em- 

20 bodiment, the modified primers of the present invention would have their 3' end before the breakpoint region. Primer 
extension reactions would then proceed across the breakpoint region if present, or continue through the normal tran- 
script region if no breakpoint was present. The sequence of such primer extension products are diagnostic of whether 
a breakpoint fusion exists in any given sample of nucleic acids. 

[0224] The modified primers can also be employed in DNA amplification reactions (e.g., Mullis; Mullis, et ai) for 
25 detecting the presence of specific sequences in samples by sizing or sequencing or for preparing quantities of DNA 
for sequencing reactions. In this embodiment of the invention, modified primers containing immobilization sites that 
can be attached to the solid support following amplification are particularly useful (e.g., biotin and digoxigenin). Amplified 
products can be captured, the modified primers cleaved, and the resulting amplification products isolated. 
[0225] In particular, the present method may be utilized to identify pathogens by the sizing of PCR products. Briefly, 
30 primers are first selected to hybridize with a sequence unique to the target pathogen(s) of interest. The primers are 
chosen for use in a multiplex situation (e.g., one in which several different pathogens may be present) to produce PCR 
products of varying sizes, with each size correlating to a unique PCR product for a specific pathogen. 
[0226] Such an experiment for determining the presence of three different pathogens (e.g., Pseudomonas aerugi- 
nosa, Escherichia coii, and Staphylococcus aureus) is carried out by adding to a sample containing, in addition to a 
35 DNA analyte, modified primers for each of the above pathogens designed to produce PCR amplification products 
having sizes of, for example, 65, 70, and 75 base pairs, respectively. 

[0227] The PCR products are reduced in size by as many as 20-25 nucleotides by cleavage at the cleavable site (in 
the modified primer). This results in shifting the corresponding peaks into a more readily resolvable range of the mass 
spectrometer and permits multiplexing of greater numbers of PCR products. 
40 [022B] The cleaved-amplification products are detected and sized using mass spectrometry, according to the method 
of the present invention. 

[0229] The following examples illustrate, but in no way are intended to limit the scope of the present invention. 
Materials and Methods 

45" 

[0230] Protected nucleotide H-phosphonates such as Bz-DMT-deoxyadenosine H-phosphonate, iBu-DMT-deoxy- 
guanosine H-phosphonate, fully protected deoxynucleoside phosphoramidites, protected deoxynucleoside diesters 
and triesters, nucleotide dimers, and solid phase supports may be purchased from Sigma Chemical Co. (St. Louis, 
MO) Bis(trifluoromethanesulfonyl)diisopropylsilane may be purchased from Petrarch Systems Inc. (Bertram, PA). 
so Phosphoramidites may be purchased from Applied Biosystems (Foster City, CA). Standard chemical reagents and 
solvents may be purchased from Aldrich Chemical Company (St. Louis, MO)'. 

Example 1 

55 Preparation of a Modified Oligonucleotide Containing a S '-S'-Cleavable Linkage 

[0231] Nucleoside dimers containing the following 3'-5'-internucleoside cleavable linkages are prepared as follows. 
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A. 3',5'-Dialkoxysilane Internucleoside Linkage 



[0232] The 3'-0-functionalized nucleoside intermediate, 3'-0-(diisopropylsilyl)-2'-deoxynucleoside triflate (1) is pre- 
pared by first adding bis(trifluoromethanesulfonyl)diisopropylsilane (1 mmol) to an equimolar amount ol the sterically 
hindered base, 2,6-di-tert-butyl4-methylpyridine, dissolved in dry acetonitrile, under an inert atmosphere. The resulting 
solution is cooled to -40°C in a cooling bath, to which is added a solution of a 5'-(0)-protected nucleoside, 5'-(dimeth- 
oxytrityl)-2'-deoxynucleoside (0.9 mmol) and 2,6-di-tert-butyl4-methylpyridine (0.25 mmol) in dimethylformamide over 
a 10 minute period. The resulting. reaction mixture is stirred at -40°C for 1 hour and then allowed to warm to room 
temperature. The 3'-0-diisopropylsilyl triflate product is isolated by precipitation from water, with yields typically ranging 
from 90-100%. Isolation is not required, and preferably the reactive intermediate is coupled directly with unprotected 
nucleoside to form the desired dimer. 

[0233] The above procedure is used to form the 3'-silyl derivatives of the protected nucleosides 5'-(0)-dimethoxytrityl- 
thymidine, NS-benzoyl^'-deoxy-S'-^-DMT-adenosine, N4-benzoyl-2'-deoxy-5'-(0)-DMT-cytidine, and N2-isobutyl- 
2'-deoxy-5'-(0)-dimethoxytrityl-guanosine with minimal formation of the undesired 3', 3' symmetrical dimers. 
[0234] Intermediate (1) is reacted with nucleoside, such as thymidine, by stirring a mixture of (1) and nucleoside for 
approximately 1 hour at room temperature. The coupled dimer is isolated by adding the reaction mixture dropwise to 
a vigorously-stirred ice/water mixture. The mixture is filtered to give a white solid, which is then dried and purified by 
column chromatography on silica gel (eluent: ethyl acetate/hexane gradient). The protected dimer, 5'-(0)-DMT-3'-(0)- 
(5'-(0)-nucleosidyldiisopropylsilyl)thymidine (2), is typically isolated in yields ranging from 50-75%. 
[0235] The prepared dimers are then functionalized for use in automated solid phase synthesis to form primers 
containing a dialkoxysilane cleavable site. 

[0236] The dimer, such as (2) above, is converted to the corresponding 3'-(2-cyanoethyl-N,N-diisopropylphosphor- 
amidite) by dissolving the 5'-DMT dimer in tetrahydrofuran and adding the resulting solution dropwise to a stirred 
solution containing 4-DMAP (4-dimethylaminopyridine), diisopropylethylamine and 2-cyanoethyl-N,N-diisopropylphos- 
phoramidochloridite in THF under nitrogen and maintained at room temperature. The reaction mixture is stirred for 2 
h, added to ethyl acetate, washed with brine, and dried over magnesium sulfate. The crude product is then purified by 
column chromatography on silica using 1:1 ethyl acetate/hexane as the eluent. 

[0237] The phosphoramidite-f unctionalized dimer is then employed for use in automated solid phase synthesis using 
a programmable DNA synthesizer to form an oligonucleotide primer containing a 3'-5'-diisopropylsilyl ether cleavable 
site. 

[0238] Cleavage: After carrying out the desired hybridization and extension reactions with an immobilized primer 
containing a dialkoxysilane internucleotide linkage as described above, the silyl-ether (Si-O) linkage is selectively 
cleaved by treatment with fluoride ion (Green, 1975) to release the extension product, typically containing no more 
than about five nucleotides derived from the modified primer molecule. 



B. 3'fS)-Phosphorothioate Internucleoside Linkage 

[0239] The functionalized nucleoside, 5'-(0)-monomethoxytrityl-3 , -(S)-thiophosphoramidite, is prepared as follows. 
The 3'-S-functionalized starting material, 5'-(0)-monomethyoxytrityl-3 , -(S)-benzoyl-thymidine (3), is prepared accord- 
ing to the method of Cosstick, et al. (Cosstick, et al, 1 988). Debenzoylation is carried out by treating a solution of 5'- 
(0)-monomethoxytrityl-3'-(S)-benzoylthymidine dissolved in argon-saturated ethanol and maintained at 5°C with 10N 
sodium hydroxide. The resulting solution is stirred for approximately 1 h. The product, S'-O-MMT-S'-thiothymidine (4), 
is purified by column chromatography on silica gel. The 5'-(0)-MMT-3'-(S)-thymidine (4) is then converted to the cor- 
responding thiophosphoramidite by reaction with 2-cyanoethyl-N,N-diisopropylaminophosphomonochtortdite under 
standard conditions (McBride, et al., 1983). The 3'-(S)-phosphoramidite (5) is suitable for coupling to a second nucle- 
oside to form a dimer containing a cleavable phosphorothioate site or for use in automated solid phase synthesis to 
prepare an oligonucleotide containing a phosphorothioate internucleoside linkage. 

[0240] Chemical synthesis of the phosphorothioate dimer is carried out as follows. A solution of 3'-(0)-acetylthymi- 
dine in acetonitrile is added dropwise over a 20 minute period to a stirred solution of the 3'-(S)-phosphoramidite (5) in 
acetonitrile saturated with 5-(4-nitrophenyl)tetrazole. Use of the tetrazole activating agent reduces the probability of 
the self-condensation reaction occurring between two thiophosphoramidite molecules. The resulting thiophosphite dim- 
er (6) is oxidized in situ by quenching the reaction mixture with 2,6-lutidine, followed by addition of an oxidant such as 
TBA periodate in dichloromethane. The fully protected phosphorothioate dimer (7) is deprotected by treatment with t- 
butylamine, 80% aqueous acetic acid, followed by concentrated aqueous ammonia to yield the 3-(S)-phosphorothioate- 
linked thymidine dimer (8). 

" [0241] Formation of an oligonucleotide probe containing a 3'-(S)-phosphorothioate cleavable linkage is performed 
by solid phase synthesis on controlled pore glass using a DNA synthesizer. The protocol and reaction conditions for 
conducting the solid phase reaction cycle are adjusted according to the primer products desired using standard solid 
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phase phosphoramidite procedures. The f unctionalized 3'-(S)-phosphoramidite nucleoside (5), prepared as described 
above, is utilized to introduce the 3'-(S)-phosphorothioate moiety into the oligonucleotide primer in the presence of the 
functionalized tetrazole reagent, 5-(para-nitrophenyl)tetrazole. 

[0242] Cleavage: After carrying out hybridization, extension, and washing of an immobilized modified primer con- 
5 taining a 3'-(S)-phosphorothioate internucleotide bond, selective cleavage of the phosphorus-sulfur bond is carried out 
by treatment with aqueous silver nitrate. 

' C. 5'(S)-Phosphorothioate Internucleoside Linkage 

10 [0243] Synthesis of an oligonucleotide containing a 5'-phosphorothioate internucleoside linkage is carried out by first 
synthesizing a derivatized phosphoramidite, 5'-(S)-trityl-deoxythymidine-3'-(0)-(2-cyanoethyl-N,N-diisopropylamino) 
phosphite as described below. 

[0244] 5'-(0)-p-toluenesulfonyl thymidine (9) is prepared by reacting thymidine with one equivalent of p-toluenesul- 
fonyl chloride in pyridine. The reaction mixture is stirred for 3 h at room temperature, cooled in ice and quenched by 

15 addition of water. Following dissolution in ethyl acetate, and sequential washing with sodium bicarbonate and brine, 
the solution is dried over sodium sulfate and the solvent is removed in vacuo. The desired S'-tosylate product (9) is 
readily recrystallized from ethyl acetate/methanol, thus avoiding the need for a protecting group at the 3'-OH position. 
[0245] The S'-tosylate is then converted to the corresponding 5'-(S)-trityl-deoxythymidine (10). A solution of the 5'- 
(O)-tosylthymidine (9) in ethanoi is added to a reaction flask containing a five-fold molar excess of 7.0 M sodium 

20 hydroxide and triphenylmethyl mercaptan in ethanoi (which generates the corresponding reactive thiolate in situ). The 
reaction mixture is refluxed for 8 hours under an inert atmosphere, filtered to remove residual solids, dissolved in ethyl 
acetate, and the solution is washed, dried, and evaporated in vacuo. The crude product is purified by chromatography 
on silica gel using a methanol/methylene chloride gradient. 

[0246] The desired reactive nucleoside phosphoramidate, 5'-(S)-trityl-deoxythymidine-3'-(0)-(2-cyanoethyl-N,N-di- 
25 isopropylamino)phosphite (11), is prepared by treating a solution of the protected nucleoside, 5 , -(S)-trityl)-deoxythy- 
midine (10), in dry 1 :1 acetonitrile/methylene chloride with an equimolar amount of tetrazole, followed by addition of a 
1 .5 molar excess of 2-cyanoethyoxy-bis-(N,N-diisopropylamino)phosphine. The reaction mixture is stirred for about 1 
hour at room temperature and subsequently quenched by addition of butanol. The solution is diluted with ethyl acetate, 
washed, dried over anhydrous sodium sulfate, filtered, and evaporated to dryness. The crude product is purified by 
30 flash chromatography. 

[0247] Incorporation of the desired 5'(S)-phosphorothioate cleavable site into an oligonucleotide probe is carried out 
by utilizing standard solid phase phosphoramidite chemistry. 

D. 5'fNVPhosphoramidate Internucleoside Linkage 

35 

[0248] Oligonucleotide fragments containing a 5"-(N) phosphoramidate internucleotide bond are prepared as follows. 
[0249] Thymidine is transformed to the corresponding S'-azide derivative (12) by treatment with sodium azide and 
triphenylphosphine in carbon tetrabromide according to the procedure of Hasa, at al. (Hasa, et a/., 1976). Reduction 
of S'-azido-deoxythymidine (12) is then carried out by hydrogenation over Pd/C catalyst to form the corresponding 5'- 
40 amino derivative (13). 

[0250] Formation of the corresponding 5*-N-protected nucleoside is carried out by dissolving (13) (25 mmol) in an- 
hydrous pyridine (150 ml), to which is added 4-DMAP (17 mmol), triethylamine (17 mmol), and 4-methoxytrityl chloride 
(60 mmol), and the resulting reaction mixture is stirred for 2 h at room temperature. Methanol is added to the reaction 
flask and the resulting mixture is added to a solution of saturated sodium bicarbonate, extracted with chloroform, and 
45 the organic extracts dried over anhydrous sodium sulfate. The organic layer is evaporated to dryness and the resulting 
crude residue is purified by column chromatography over silica gel to yield 5'-amino-5 , -deoxy-5 , -(N)-(4-methoxytrityl) 
thymidine (13). (Cleavage of the N-MeOTr protecting group is carried out by treatment with 3% dichloroacetic acid in 
1 ,2-dichloroethane). 

[0251] The desired functionalized nucleoside, 5 , -amino-5'-deoxy-5 , -(N)-(4-methoxytrityl)thymidine-3 , -(2-cyanoe- 
so thy1)-N,N-diisopropylphosphoramidite (14), containing a reactive phosphoramidite moiety suitable for incorporation into 
an oligonucleotide fragment is synthesized as follows.. 

[0252] The S'-amino-protected thymidine (13) (4 mmol) is dissolved in anhydrous methylene chloride (60 ml), to 
which is added dry bis(diisopropylammonium)tetrazotide (3 mmol) and (2-cyanoethoxy)bis(diisopropylamino)phos- 
phine (8 mmol). The mixture is stirred for 1 hour at room temperature, poured into a saturated sodium bicarbonate 
55 solution, and extracted several times with chloroform. The combined organic extracts are rinsed with brine, dried, and 
evaporated to dryness. The crude residue is dissolved in a minimal amount of methylene chloride and precipitated by 
addition of pentane to yield a mixture of the diastereomeric product, 14. 

[0253] The functionalized nucleoside 14 is then selectively introduced into an oligonucleotide fragment to form an 
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oligonucleotide containing a 5'-(N)- phosphoramidate cleavable site. The 5' -amino nitrogen of thymidine derivative 14 
is the reactive center at which phosphoramidate bond formation takes place. The modified nucleoside 14 is introduced 
in the course of a standard cycle into a growing DNA fragment synthesized on a solid support as follows. Insertion of 
the phosphoramidate group is performed at a specific site to form the desired nucleotide fragment containing a selec- 
5 tivety cleavable site. 

[0254] Formation of the following modified exemplary sequence: d(T-T-C-A-T-G-C-A-A-(phosphoramidate)-T-C-C- 
G-A-T-G) (SEQ ID NO: 1) is performed as follows. The DNA fragment is synthesized in a stepwise fashion beginning 
from the hexamer sequence d(C-C-G-A-T-G) (Gromova, 1987). The hexamer is synthesized on controlled pore glass 
as solid support using standard procedures (Bannwarth, otal., 1986; Bannwarth, 1987). The introduction of key inter- 
to mediate 14 is performed during a standard cycle utilizing slightly longer times for the coupling of 14 and for deblocking 
of the 4-methoxytrityl protecting group. Following cleavage of the S'-MeOTr group of 14, the synthesis is continued 
using standard phosphoramidites as the building units to form the desired 16-mer sequence. 

[0255] The support material is treated with concentrated ammonia at 56°C overnight to cleave the 16-mer product 
from the solid support. Following removal of the support material, the ammonia is removed by vacuum evaporation, 
is and the remaining residue is dissolved in water/dioxane and subsequently precipitated by addition of THF The resulting 
16-mer is then purified by either gel electrophoresis or HPLC. 

[0256] Selective chemical cleavage of the phosphoramidate internucleotide bond is carried out under mild acidic 
conditions to form the corresponding phosphate and amino-f unctionalized fragments. Treatment with 80% acetic acid 
at room temperature for between 2-6 hours results in selective cleavage of the internucleotide phosphoramidate bond 
20 while leaving the unmodified portion of the DNA fragment intact. 

Example 2 

Attachment to the Solid Support 

25 

A. Streptavidin Affinity Immobilization 

[0257] A modified primer from Example 1 above containing a cleavable site is immobilized by attachment to a func- 
tionalized solid support material. In some cases the cleavable site -containing primer is modified as described below. 
30 [0258] For attaching an oligonucleotide primer to a streptavidin-coated support a biotinylated primer is typically used. 
Biotinylation is carried out as follows. 

[0259] A primer containing a cleavable site is prepared as in Example 1, with a minor modification: the primer is 
synthesized to contain a reactive amino site for biotinylation. An amino group is introduced during solid phase synthesis 
using a standard DNA synthesizer, such as Applied Biosystems 393 DNA/RNA Synthesizer. 

35 [0260] To selectively introduce the internal amino function, the modified nucleoside phosphoramidite Amino-Modifier 
dT t containing a base labile trifluoroacetyl group protecting a primary amine attached to thymine with a 10 atom spacer 
arm, is added at an appropriate phase of the DNA synthesis cycle. Upon completion of the oligonucleotide synthesis, 
the primer is cleaved from the support by standard methods. The remaining base-protecting groups as well as the 
trifluoroacetyl amino protecting group are removed by treatment with fresh, concentrated ammonium hydroxide at 40° 

40 for 15-17h. The solution is dried by rotary evaporation, and the residue is redissolved in 200 u.l of water. 

[0261] The amino-modified primer (approximately 0.25 u,mol) is reacted with NHS-LC-Biotin (Pierce, Rockford IL) 
which has an 11 carbon spacer between the biotin group and the N -hydroxy Isuccinimide activated carboxyl group. 
Aliquots of a 50mM NHS-LC-biotin solution in DMF are added to the primer solution containing 0.1 M sodium bicarbo- 
nate/sodium carbonate buffer at pH 9 over a 1.5h period. The solution is maintained at room temperature overnight 

45 and the biotinylated primer is then purified by reverse phase HPLC. 

[0262] The biotinylated primer is then immobilized by attachment to streptavidin-coupled magnetic beads (Dyna- 
beads M-280, Dynal, Inc., Great Neck, NY) as described in Dynabeads M-280 Technical Handbook: Magnetic DNA 
Technology 6, Dynal Inc. A neodymium-iron-boron magnet is used to immobilize the beads during supernatant removal 
and washing steps. 

so 

B. Immobilization via a Thiourea Linkage 

[0263] 5'-Amino-modified oligonucleotide primers containing a cleavable linkage are prepared as described in Ex- 
amples 1 and 2A above. 

55 [0264] Glass slides are activated in a two-stage process for coupling to amino-functionalized oligonucleotides. The 
glass surface is first functionalized by reaction with aminopropyltrimethoxysilane to form an amino-derivatized surface. 
To carry out the amino-functionalization, clean microscope slides are immersed for 2 minutes in a 1% solution of 3-ami- 
nopropyltrimethoxysilane solution in 95% acetone/water. The slides are then washed several times with acetone (5 
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minutes per wash), and dried for 45 minutes at 110°C. 

[0265] Following amino-derivatization, the glass slides are treated with excess p-phenylenediisothiocyanate to con- 
vert the amino groups to amino-reactive phenyl isothiocyanate groups suitable for coupling to amino-functionalized 
oligonucleotides. The amino-derivatized glass plates are treated for 2 hours with a solution of 0.2% 1,4-phenylene 
s diisothiocyanate solution in 10% pyridine/DMF, followed by washing with methanol and acetone. 

[0266] A 2 mM solution of the ami no-modified primer in sodium carbonate/bicarbonate buffer (2 uJ_) is applied directly 
to the activated glass plate surface and the resulting slides are then incubated at 37°C in a covered Petri dish containing 
a minimal amount of water for about 2 h. The plates containing thiourea-linked primer are then washed sequentially 
with 1 % ammonium hydroxide, and water, followed by air drying at room temperature. 

10 

C. Immobilization via Hg-S Affinity Binding 

[0267] An amino-modified oligonucleotide primer is prepared as described above. Conversion of the 5'-amino group 
to a thiol is carried out by reacting 5.0 A2 6 o units °* tne amine-containing primer dissolved in 1.0 ml of 0.2 molar 4- 

15 (2-hydroxyethyl)-1-piperazineethanesulfonic acid (pH 7.7) with 1.6 ml of 10 mM dithiobis(succinimidylpropionate) in 
dry acetonitrile for 1 hour at 20°C. An additional 1.0 ml of 10 mM dithiobis(succinimidylpriopionate) in acetonitrile is 
then added to the reaction vessel and the resulting mixture is stirred for an additional hour. Addition of dithioerythritol 
(3.5 ml of a 20 mM solution in 0.2M Tris buffer) is followed by stirring for 1 hour at 37°C. The thiol-derivatized primer 
solution is concentrated under vacuum to form a concentrate which is further purified using reverse phase HPLC 

20 followed by lyophilization. 

[0268] In an alternate approach for synthesizing thiol-modified oligonucleotide primers, the S'-phosphate of an oli- 
gonucleotide primer is esterified with 6-mercapto-hexanol using a p-cyanoethyl-phosphoramidite C6-Thio!-Modifier 
(Clontech Laboratories, Inc., Palo Atto, CA). 

[0269] The thiol-derivatized primer is then immobilized on p-chloromercuribenzoate derivatized agarose by mixing 
25 a solution of the thiol-derivatized primer (0.25 A2 60 units) dissolved in 140 \x\ of 1 .0 M sodium chloride, 1 .0 mM ethyl- 
enediaminetetraacetic acid disodium salt (EDTA), and 50 mM Tris-HCI (pH 8) with 50 uJ of p-chloromercuribenzoate 
derivatized agarose for 3 minutes at 20° C. 

Example 3 

30 

Selective Cleavage of a Synthetic DNA Probe Containing a Cleavable Ribose 

[0270] A synthetic DNA probe containing a cleavable ribose site was selectively cleaved by ammonium hydroxide 
treatment. The 17-mer, having the sequence: 5'-AAA TAC ATC riboGCT TGA AC-3' (SEQ ID NO: 10) was prepared 
35 to contain a cleavable ribose in the 7-position. The modified probe was treated with aqueous 3 % ammonium hydroxide 
for 15 minutes at room temperature (pH 10) to effect selective cleavage of the ribose moiety. 

Example 4 

40 Mass Spectral Analysis of the Selective Cleavage Products of a Ribose -Containino DNA Probe 

[0271] The cleavage products from Example 3 were analyzed using matrix assisted laser desorption with concomitant 
ionization (MALDI) in conjunction with time-of-flight (TOF) mass spectrometry. 

[0272] The experimental apparatus used for analyzing the sample fragments was composed of an excitation source, 
45 a sample manipulator and a TOF mass spectrometer The excitation sources used for desorption were a Nd:YAG laser 
(model DCR-I, Spectra-Physics, Mountain View, CA) with spatially filtered 5 ns pulses frequently tripled to 355 nm or 
quadrupled to 266 nm and a 35-ps pulse Nd:YAG laser (model PY610C-10, Continuum, Santa Clara, CA) operating 
at 355 nm. Both of the lasers were operated at a 10 Hz repetition rate, with a 5 nm pulse width. The desorption laser 
beam maintained at an incident angle of 45° was focused onto the sample with a 250 mm focal length quartz lens to 
so an elliptical spot size of approximately 100 by 150 um A Glan-laser polarizer (Newport Corporation, Fountain Valley, 
CA) was placed in a rotation stage in the beam path for continuously variable attenuation, allowing adjustment of the 
polarized Nd: YAG laser energy density from below 1 mJ/cm 2 to 1 00 mJ/cm 2 . The optimum energy density for desporp- 
tion was found to be in the range of 2 to 20 mJ/cm 2 . 

[0273] Sample preparation was carried out as follows. The oligonucleotide fragments were dissolved in deionized 
55 water at room temperature to concentrations of about 50 jimoVliter. A separate saturated solution of 3-hydroxypicolinic 
acid (3-HPA) in 50% water/acetonitrile was freshly prepared, and the two solutions were mixed to provide a sample 
solution containing 3HPA and analyte in a molar ratio of about 10,000:1. A 2 u.L aliquot of the sample solution was 
pipetted onto the sample stage and spread to an area of 2mm diameter. The sample was dried under a gentle flow of 
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nitrogen prior to insertion into the vacuum system. 

[0274] The sample stage, consisting of either a smooth silver foil or a polished silicon wafer, was mounted on a 
manipulator which allows three translational and one rotational degrees of freedom. The experiments were carried out 
at room temperature. The sample region was evacuated by a 300 liter per second turbomolecular pump. The drift and 
s detection regions were evacuated using a cryopump with nominal 1500 liter per second pumping speed. The base 
pressure of the chamber was 3 X 10 9 Torr, and the normal working pressure, within about five minutes of sample 
introduction, was 5 x 1 0' 8 Torr. 

[0275] The ions produced during desorption were extracted perpendicular to the sample surface into the time-of- 
flight mass spectrometer by biasing the sample with.a voltage of 28 kV, with the drift and extraction potentials at ground. 

io The sample-extractor distance was 5 mm, and an einzel lens about 5 cm from the sample was used to focus the ions. 
Both linear and reflecting TOF mass spectrometry geometries were examined. For reflecting TOF-MS, a two stage 
electrostatic reflector was used and the effective drift path was 2.0 m, A dualmicrochannel plate detector was used. 
X ne detector was placed beside the electrostatic deflector due to space constraints of the vacuum chamber. Deflecting 
voltage was applied to horizontal deflecting plates and the beam path was bent in order to direct the ions to the detector 

is for the linear geometry. The total flight distance was 1 m for the linear geometry. The four degree bend was sufficient 
to block the line-of-sight between the ion creation region and the detector to prevent any energetic neutral flux created 
in the ionization region from reaching the detector For reflecting TOF measurements, the beam path was bent in the 
opposite direction. To avoid detector saturation caused by the high abundance of ionized matrix molecules in experi- 
ments performed at higher laser powers, the low mass matrix ions were deflected away from the detector by a pulsed 

20 electric field of 200 V/cm. 

[0276] The signal output of the microchannel plates was amplified and then digitized with a time resolution of 10 to 
50 ns/channel and typically summed over 100 laser pulses. Mass calibration was performed by analyzing a variety of 
known masses, such as alkalis at low mass, isotopically resolved fullerenes, mixtures of gramicidin S, bovine insulin, 
horse heart cytochrome C, and horse heart myoglobin. 

25 [0277] The resulting time-of-flight mass spectra are illustrated in Figs. 3A and 3B. Figure 3A is a mass spectrum of 
the 1 7-mer synthetic mixed base primer containing a cleavable ribose linkage prior to ammonium hydroxide treatment. 
Two sizable peaks were observed for the intact 1 7-mer corresponding to the di-protonated molecular ion [M+2H] 2+ 
and the protonated molecular ion, [M+H] + . 

[0278] The resulting oligomer fragments obtained following ammonium hydroxide treatment were then analyzed, as 
30 shown in Fig. 3B. As indicated in the mass spectrum, peaks corresponding to the expected cleavage products, the 
7-mer, the 10-mer, and intact 1 7-mer, were readily observable (and identifiable). 

Example 5 

35 Capture and Selective Cleavage of a Biotinvlated Primer Having a Cleavable Ribose i n the 10 Position 

[0279] A biotinylated 18-mer containing a ribose in the 10 position, 5'-biotin-ATCTTCCTG-ribo-GCAAACTCA-3\ SEQ 
ID NO: 11, (Keystone Laboratories, Inc., Menlo Park, CA), was captured on streptavidin-coated beads (DynaBeads 
M-2B0, Dynal, Inc., Great Neck, NY). The immobilized primer was then washed after surface binding, followed by 
40 treatment with ammonium hydroxide as described in Example 3 above to effect selective cleavage of the immobilized 
primer at the ribose site. 

[0280] The modified primer, containing the biotin immobilization attachment site and the cleavable ribose site, was 
analyzed both prior to capture and subsequent to selective cleavage. The samples were analyzed using MALDI in 
conjunction with TOF mass spectrometry, as described in Example 4 above. Figure 4 illustrates the mass spectrum of 
45 the B-mer resulting from selective cleavage of the ribose site within the immobilized primer. 

Example 6 

Immobilization of a Cleavable Extended Primer by Hybridization to an Interme diary Solid-Phase Bound Oligonucleotide 

so 

[0281] A modified M1 3 reverse primer containing a 5'-(S)-thymidine located 5 nucleotides from the 3' end, having 
the sequence presented herein as SEQ ID NO:12, was hybridized to a single stranded target molecule (SEQ ID NO: 
14) in hybridization medium containing annealing buffer, 10X "THERMOSEQUENASE" Buffer (260 mM Tris-HCI, pH 
9.5, 65 mM MgCI 2 ) (Amersham Life Sciences, Arlington Heights, IL). The annealing reaction was carried out by warming 
55 the above mixture to 65°C for two minutes, and then allowing the mixture to cool slowly to room temperature over a 
period of about thirty minutes (Maniatis, era/., 1982; Ausubel, era/., 1989). 

[0282] Following hybridization, the modified primer was extended using DNA polymerase ("THERMOSEQUENASE" 
DNA Polymerase) in the presence of a mixture of debxynucleotides and dideoxynucleosides to produce a set of oli- 
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gonucleoticie fragments corresponding to the locations of adenine within the target {i.e., thymidine within the reaction 
product). The reaction was performed using standard cycte sequencing protocols and an 8:1 ratio of primer to template. 
Due to the primer-to-template ratio employed, the resulting set of primer extension products were primarily (89%) in 
single stranded form. 

5 [0283] Following primer extension, an intermediary oligonucleotide complementary to the M13 reverse primer and 
biotinylated at the 3' end, having SEQ ID NO: 1 3, was added to the mixture and annealed to the primer using a standard 
heat/cool annealing process: 95° C for 2 minutes 30 seconds; 25 cycles at 95° C for 1 5 seconds, 45° C for 20 seconds, 
55° C for 10 seconds, 70° C for 20 seconds), 5 cycles at 95° C for 30 seconds, and 70° C for 20 seconds, followed by 
cooling from 95° C to 70° C for 1 minute at the rate of 0.1 0 C per second, and subsequent maintenance of the sample 

io at 4° C. Streptavidin coated magnetic beads (MPG-Steptavidin, CPG, Inc., Lincoln Park, NJ) were then added to the 
mixture to capture the biotinylated intermediary oligonucleotide/extended primer hybrid. The immobilized product was 
washed to remove enzymes, triphosphates and salts in a multistep wash process. The sample was then treated with 
silver nitrate (5 u.L, 0.02 mM, Aldrich, Milwaukee, Wl) and DTT to release the extension segments into solution. This 
solution was (i) separated from the solid phase bound intermediary oligonucleotide4irst primer region complex, (ii) 

is mixed with 3-hydroxypicolinic acid, (iii) dried onto a silicon plate and (iv) analyzed by MALDI TOF mass spectrometry 
as described in Example 4 above. The released extension segments are shown in Fig. 13. 

[0284] As seen in Fig. 13, the method allows detection of oligonucleotide extension segments with read lengths up 
to at least about 33 base pairs with good resolution. 

so Example 7 

Detection of Point Mutationfs) Using a Single Base Fingerprint 

[0285] Two DN A templates, one a synthetic 73-mer (presented herein as SEQ ID NO: 14) with a sequence identical 

25 to wild-type M13 plasmid, corresponding to template tt 16-C/19-G # , and the other a mutant plasmid, (having a partial 
sequence included herein as SEQ ID NO:15), referred to as template "16-A/19-T", were used in primer extension 
reactions. The sequences of the templates differed only at base positions 16 and 19, relative to the 3' end (counting 
upstream from the end of the priming region), with the first template possessing a cytosine at position 1 6 and a guanine 
at position 19, as presented in SEQ ID NO:14, while the second template, corresponding to SEQ ID NO:15, contained 

30 an adenine and a thymine substituted at positions 16 and 19, respectively 

[0286] Each of the templates was subjected to enzymatic extension in the presence of ddC using a primer with the 
sequence presented herein as SEQ ID NO: 16. The resulting product mixtures, containing ddC-terminated oligonucle- 
otide fragments derived from the parent templates, were then analyzed by MALDI TOF mass spectrometry as described 
above and illustrated in Fig. 14A (corresponding to the reaction product(s) derived from template 16-C/1 9-G, SEQ ID 

35 NO:17) and Fig. 14B (corresponding to the reaction product(s) derived from template 16-A/19-T, SEQ ID NO: 18). 

[0287] As can be seen from the resulting spectra of the reaction products, the exact mass values corresponding to 
the differences between select peaks in each of the spectra were calculated, confirming the presence of two single 
nucleotide substitutions at positions 1 6 and 1 9 from the 5' end. As demonstrated in Figs. 1 4A-1 4B, the measured mass 
values for the peak-to-peak differences are shown in large type, while the actual/theoretical mass values are shown 

40 jn small type. The G-to-T base substitution is indicated by the difference in the Am values for template 1 6-C/1 9-G (mass 
peak b - mass peak a= 618.9) versus template 16-A/19-T (mass peak f - mass peak e= 593). The observed mass 
difference of 25 (618.9 minus 593.4) corresponds to the difference in mass between guanine (MW=151) and thymine 
(MW = 126). Confirmation of a single base substitution occurring at position 19 as a result of a C to A mutation was 
similarly determined (e.g., Am d . b versus Am g . f ). The single base substitution at position 19 was further confirmed by 

45 the absence of a peak at position 19 in the spectrum corresponding to template 16-A/19-T (Fig. 14B). 

Example 8 

Comparison of Primer Extension Reactions Using Cleavable Versus Full Primers 

so 

[0288] A modified M13 reverse primer containing a 5'-biotin group and a thiol-thymidine located 5 nucleotides from 
the 3' end of the primer (SEQ ID NO: 1 6) was hybridized to a single stranded target molecule (SEQ I D NO: 1 4), followed 
by enzymatic extension in the presence of a mixture of deoxynucleotides and dideoxy-T to produce a set of oligonu- 
cleotide fragments corresponding to the locations of adenine within the target, following the procedure described in 
55 Example 6. Following the ddT extension reaction, the biotinylated primer/extension product was captured (immobilized) 
on streptavidin-coated magnetic beads. The bead-immobilized primer/extension products were then subjected to a 
series of wash steps to remove template, enzyme, triphosphates and additional salts. The streptavidin-coated magnetic 
beads, now containing immobilized primer/extension products, were then divided into two tubes. The contents of the 
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first tube was treated with silver nitrate and DTT, to cleave the primer at the thiol-thymidine located 5 nucleotides trom 
the S 1 - end of the primer-and to release the extension segments into solution. The contents of second tube were boiled 
to effect disruption of the biotin/streptavidin bond and release the full primer/extension products into solution. The two 
samples were then separately mixed with 3-hydroxypicolinic acid, dried, and analyzed by MALDI TOF mass spectrom- 

5 etry as described above. 

[0289] The resulting mass spectra are shown in Figs. 1 5A (full length primer-extension segments) and 1 5B (cleaved 
primer-extension segments having increased read length). As can be seen, the resolution quality and read length of 
spectra of cleaved primer-extension segment samples (Fig. 1 5B) according to the present method are superior to those 
of the full primer-boil/release sample (Fig 15A). The broad peak centered around base no. 15 in the uncleaved primer 

10 sample (Fig. 15A) is due to primer dimerization, and is an artifact that occasionally occurs when the sample includes 
a large amount of primer. Cleavage of the primer removes this artifact, as can be seen in Fig. 15B. 
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SEQUENCE LISTING 

30 [0356] 

(1) GENERAL INFORMATION: 

(i) APPLICANT: SRI INTERNATIONAL 

35 

(ii) TITLE OF INVENTION: Oligonucleotide Sizing Using Cleavable Primers 

(iii) NUMBER OF SEQUENCES: 18 
40 (iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Dehlinger & Associates 

(B) STREET: P.O. Box 60850 

(C) CITY: Palo Alto 
45 (D) STATE: CA 

(E) COUNTRY: U.S.A. 

(F) ZIP: 94306 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: unknown 



so 



55 
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(B) FILING DATE: 30-APRIL-1 996 

(C) CLASSIFICATION: 



(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/445,751 

(B) FILING DATE: 22-MAY-1995 

(C) APPLICATION NUMBER: unassigned (Docket No. 8255-0015.30) 

(D) FILING DATE: 26-APRIL-1996 

(viii) ATTORNEY/AGENT INFORMATION: 



(A) NAME: Evans, Susan T. 

(B) REGISTRATION NUMBER: 38,443 

15 (C) REFERENCE/DOCKET NUMBER: 8255-0015.30 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415-324-0880 
20 (B) TELEFAX: 41 5-324-0960 



(2) INFORMATION FOR SEQ ID NO:1: 

(i) SEQUENCE CHARACTERISTICS: 

25 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

30 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 



(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: Exemplary 16-mer with phosphoramidate linkage 

(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 9.. 10 

(D) OTHER INFORMATION: /note= "sequence contains phosphoramidate bond between nucleotides y 
and 10" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1: 

16 

TTCATG CAAT CCGATG 

(2) INFORMATION FOR SEQ ID NO:2: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 



34 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: Immobilized cleavable 20-mer primer 
is (ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 16.. 17 

(D) OTHER INFORMATION: /note= "primer containing a first region with an immobilization attachment 
20 site, a cleavable site "x" between nucleotides 16 and 17" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

25 ACTCCTGTGG AGAACTCTGC 20 

(2) INFORMATION FOR SEQ ID NO:3: 
30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

40 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

45 (C) INDIVIDUAL ISOLATE: Single stranded target, complement to seq. id no. 2 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

50 GCACAGTTCT CCACAGGAGT 20 

(2) INFORMATION FOR SEQ ID NO:4: 
55 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: Immobilized primer subsequent to selective cleavage 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

ACTCCTCTGG AGAACT 

(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: portion of alphal antitrypsin gene, posns 333-352(wild type) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

ACCATCGACG AGAAAGGGA 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: frag of product expressed by alphal-antitrypsin gene (wild) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

Thr lie Asp Glu Lya Gly Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE; 

(C) INDIVIDUAL ISOLATE: port, of alpha- 1 antitrypsin gene w/ point mutation 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

ACCATCGACA AGAAAGGGA 

(2) INFORMATION FOR SEQ ID NO:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: port, of product expressed by mutant alphal-antitrypsin gene 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 
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Thr lie Asp Lys Lys Gly Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: primer for conserved region 1047-1065 in 16S rRNA 
25 (ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 7 .8 

(D) OTHER INFORMATION: /note= "the primer contains a 1:1 mixture of dT and dG incorp. at positions 
30 7 and 15" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

35 ACGACATCCA TGCATCACC 19 

(2) INFORMATION FOR SEQ ID NO: 10: 
40 (j) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
45 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: 17-mer w/ cleavable ribose site 
(ix) FEATURE: - 



so 
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(A) NAME/KEY: miscjeature 

(B) LOCATION: 9.. 10 

(D) OTHER INFORMATION: /note= "probe contains a cleavable ribose at position 10 from 5' end (position 
7 from 3' end)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 



AAATACATCG CTTGAAC 



(2) INFORMATION FOR SEQ ID NO:11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: biotinylated 18-mercontg ribose at position 10 
(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 9.. 10 

(D) OTHER INFORMATION: /note= "18-mer is biotinylated at 5" end and contains a ribose at position 10 
from 5* end" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11: 



ATCTTCCTCO CAAACTCA 



(2) INFORMATION FOR SEQ ID NO:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: Modified M13 reverse primer w/ S'-tSJthymidine 
(ix) FEATURE: 

(A) NAME/KEY: misc_structure 

(B) LOCATION: 17.. 18 

(D) OTHER INFORMATION: /note= "reverse primer contains a ^-(SJthymidine at position 18° 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

CACACAGGAA ACAGCTATGA CC 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(Hi) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: 3"-biotin intermed oligo complementary to M13 rev primer 

(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 16..17 

(D) OTHER INFORMATION: /note= "intermediary oligonucleotide is biotinylated at 3' end" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

TAG CTG TTTC CTGTGTG 

(2) INFORMATION FOR SEQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 73 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

5 (vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: 73-mer w/ sequence identical to wild type M13 plasmid 
(ix) FEATURE: 

10 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 51.. 68 

(D) OTHER INFORMATION: /note= "priming region corresponds to nucleotides 51 -68; C and G of interest 
at positions 35 and 32, respectively" 

15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 
CAGCTTTTGT TCCCTTTAGT GAGGGTTAAT TGCGCGCTTG GCGTAATCAT GGTCATAGCT 60 

20 

GTTTCCTGTG TGA 73 



(2) INFORMATION FOR SEQ ID NO:15: 

25 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 73 base pairs 

(B) TYPE: nucleic acid 

30 (C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: DNA (genomic) 
35 . (iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

40 

(C) INDIVIDUAL ISOLATE: mutant plasmid, template "16-A/19-T" 
(ix) FEATURE: 

45 (A) NAME/KEY: miscjeature 

(B) LOCATION: 51. .68 

(D) OTHER INFORMATION: /note= "priming region corresponds to nucleotides 51-68; mutations at po- 
sitions 35 (A) and 32 (T)" 

so (xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 



CAGCTTTTGT TCCCTTTAGT GAGGGTTAAT TTCGAGCTTG GCGTAATCAT GGTCATAGCT 



GTTTCCTGTG TGA 



(2) INFORMATION FOR. SEQ ID NO: 16: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: 5' biotinylated M1 3 reverse primer, 5'(S)T at posn 14 
(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 13.. 14 

(D) OTHER INFORMATION: /note= "primer is biotinylated at 5' end and contains a 5'(S)-T at positio.. 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16: 

CAGGAAACAG CTATGACC 18 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: Extension product from template n 16-C/19-G" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17: 

ATGATTACCC CAAGCGCGCA ATTAACCCTC ACTAAAGGGA AC AAA 

(2) INFORMATION FOR SEQ ID NO:18: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

s 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
io (iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: extension product from template 16-A/19-T 

15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18: 



ATGATTACGC CAAGCTCGAA ATTAACCCTC ACTAAAGGGA ACAAA 4 5 

20 



25 
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Claims 

1. A method for determining the size of a primer extension product, comprising: 



(a) hybridizing a primer with a target nucleic acid, where said primer (i) is complementary to said target nucleic 
acid; (ii) has a first region containing the 5' end of the primer, and (iii) has a second region containing the 3' 

30 end of the primer, where the 3' end is capable of serving as a priming site for enzymatic extension and where 

said second region contains a cleavable site, 

(b) extending the primer enzymatically to generate a mixture containing a product composed of the primer 
and an extension segment; 

(c) cleaving at the cleavable site to release the extension segment; and 

35 (d) sizing the extension segment by mass spectrometry, where the read length of the extension segment is 

increased relative to the read length of the product of (b). 

2. The method of claim 1 , where said target nucleic acid is immobilized. 

40 3. The method of claim 2, where the target nucleic acid is immobilized prior to said extending or prior to said cleaving. 

4. The method of claim 3, which further comprises separating the product of (b) from said immobilized target nucleic 
acid prior to said cleaving step. 

45 5. The method of claim 1 , where said extending is carried out in the presence of a nucleotide containing (i) an im- 
mobilization attachment site and (ii) a releasable site, where the extension segment includes said immobilization 
attachment site and said releasable site. 

6. The method of claim 5, further comprising, prior to said sizing, immobilizing said extension segment at the immo- 
50 bilization attachment site, and releasing said extension segment at said releasable site. 

7. The method of any one of claims 1 to 6, where the cleavable site is a nucleotide capable of blocking 5' to 3' enzyme- 
promoted digestion, and where said cleaving is carried out by digesting the first region of the primer with an enzyme 
having a 5' to 3' exonuclease activity. 



A method for determining the size of a primer extension product, comprising: 

(a) hybridizing a primer with a target nucleic acid, where said primer (i) is complementary to said target nucleic 
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acid; (ii) has a first region containing the 5' end of the primer, and an immobilization attachment site, and (iii) 
has a second region containing the 3' end of the primer, where the 3' end is capable of serving as a priming 
site for enzymatic extension and where said second region contains a cleavable site, 

(b) extending the primer enzymatically to generate a mixture containing a product composed ot the primer 
and an extension segment; 

(c) cleaving at the cleavable site to release the extension segment, where prior to said cleaving the primer is 
immobilized at said immobilization attachment site; and 

(d) sizing the extension segment by mass spectrometry, where the read length of the extension segment is 
increased relative to the read length of the product of (b). 

9. The method of claim 8, which further comprises washing the immobilized product prior to said cleaving step. 

10. A method for determining the size of a primer extension product, comprising: 

(a) combining first and second primers with a target nucleic acid, under conditions that promote hybridization 
of the primers to the nucleic acid, generating primer/nucleic acid complexes, 

where said first primer (i) has a 5' end and a 3' end, (ii) is complementary to said target nucleic acid, (iii) 
has a first region containing the 5' end of the first primer and (iv) has a second region containing the 3' 
end of the first primer, where said 3* end is capable of serving as a priming site for enzymatic extension 
and where said second region contains a cleavable site, 

and where said second primer (i) has a 5' end and a 3' end, (ii) is homologous to said target nucleic acid, 
(iii) has a first segment containing the 3' end of the second primer, and (iv) has a second segment con- 
taining the 5* end of the second primer and an immobilization attachment site, 

(b) converting the primer/nucleic acid complexes to double-stranded fragments in the presence of a DNA 
polymerase and deoxynucleoside triphosphates, 

(c) amplifying the number of primer-containing fragments by successively repeating the steps of (i) denaturing 
said double-stranded fragments to produce single-strand fragments, (ii) hybridizing said single stranded frag- 
ments with said first and second primers to form strand/primer complexes, (iii) generating amplification prod- 
ucts from the strand/primer complexes in the presence of DNA polymerase and deoxynucleoside triphos- 
phates, and (iv) repeating steps (i) to (iii) until a desired degree of amplification has been achieved, 

(d) immobilizing amplification products containing the second primer via said immobilization attachment site, 

(e) removing non-immobilized amplified fragments, 

(f ) cleaving said amplification products at the cleavable site, to generate a mixture including a double-stranded 
product, 

(g) denaturing the double-stranded product to release the extension segment, and 

(h) sizing the extension segment by mass spectrometry, where the read length of the extension segment is 
increased relative to the read length of the amplified strand-primer complexes of (c). 

11. A method for determining the size of a primer extension product, comprising: 

(a) combining first and second primers with a target nucleic acid, under conditions that promote hybridization 
of the primers to the nucleic acid, generating primer/nucleic acid complexes, where said first primer (i) is 
complementary to said target nucleic acid; (ii) has a first region containing the 5' end of the primer and an 
immobilization attachment site, and (iii) has a second region containing the 3' end of the primer, where the 3' 
end is capable of serving as a priming site for enzymatic extension and where said second region contains a 
cleavable site, and where said second primer is homologous to said target nucleic acid, 

(b) converting the primer/nucleic acid complexes to double-stranded fragments in the presence of a DNA 
polymerase and deoxynucleoside triphosphates, 

(c) amplifying the number of primer-containing fragments by successively repeating the steps of (i) denaturing 
said double-strand fragments to produce single-stranded fragments, (ii) hybridizing said single stranded frag- 
ments with said first and second primers to form strand/primer complexes, (iii) generating double-stranded 
amplification fragments from the strand/primer complexes in the presence of DNA polymerase and deoxynu- 
cleoside triphosphates, and (iv) repeating steps (i) to (iii) until a desired degree of amplification has been 
achieved, 

(d) denaturing the amplification fragments to generate a mixture including a product composed of the first 
primer and an extension segment; 
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(e) immobilizing amplified fragments containing the first primer, utilizing said immobilization attachment site, 
and removing non-immobilized amplified fragments, 

(f ) cleaving said first primer at the cleavable site to release the extension segment; and 

(g) sizing the extension segment by mass spectrometry, where the read length of the extension segment is 
5 increased relative to the read length of the product of (d). 

12. A method for determining the DNA sequence of a target DNA sequence, comprising: 

(a) hybridizing a primer with a target DNA, where said primer (i) is complementary to said target DNA; (ii) has 
io a first region containing the 5' end of the primer and an immobilization attachment site, and (iii) has a second 

region containing the 3' end of the primer, where the 3' end is capable of serving as a priming site for enzymatic 
extension and where said second region contains a cleavable site, 

(b) extending the primer with an enzyme in the presence of a first of four different dideoxy nucleotides to 
generate a mixture of primer extension products each product containing a primer and an extension segment; 

is (c) cleaving at the cleavable site to release the extension segments, where prior to said cleaving the primers 

are immobilized at said immobilization attachment sites; 

(d) sizing the extension segments by mass spectrometry, where the read length of the extension segment is 
increased relative to the read length of the product of (b), 

(e) repeating steps (a) through (d) with a second, third, and fourth of the four different dideoxy nucleotides, and 
20 (f) determining the DNA sequence of said target DNA by comparison of the sizes of the extension segments 

obtained from each of the four extension reactions. 

13. A method for determining the DNA sequence of a target DNA sequence, comprising 

(a) hybridizing a primer with a target DNA. where said primer (i) is complementary to said target DNA; (ii) has 
a first region containing the 5' end of the primer and an immobilization attachment site, and (iii) has a second 
region containing the 3' end of the primer, where the 3' end is capable of serving.as a priming site for enzymatic 
extension and where said second region contains a cleavable site, 

(b) extending the primer with an enzyme in the presence of a first of four different deoxynucfeotide cc-thiotri- 
phosphate analogs (dNTPaS) to generate a mixture of primer extension products containing. phosphorothioate 
linkages, 

(c) treating the primer extension products with a reagent that cleaves specifically at the phosphorothioate 
linkages, 

where said treating is carried out under conditions producing limited cleavage, resulting in the production 
of a set of primer extension degradation products, 

(d) washing the primer extension degradation products, where prior to said washing, the primer extension 
degradation products are immobilized at said immobilization attachment sites, each immobilized primer ex- 
tension degradation product containing a primer and an extension segment, where said washing is effective 
to remove non-immobilized species, 

(e) cleaving at the cleavable site to release the extension segments, 

(f) sizing the extension segments by mass spectrometry, where the read length of any given extension segment 
is increased relative to the read length of its corresponding primer extension degradation product, 

(g) repeating steps (a) trough (t) with a second, third, and fourth of the four different dNTPaSs, and 

(h) determining the DNA sequence of said target DNA by comparison of the sizes of the extension segments 
obtained from each of the four extension reactions. 

14. The method of claim 13, wherein the reagent of step (c) is selected from the group consisting of exonuclease, 
2-iodoethanol, and 2,3-epoxy-1-propanol. 

so 15. A method for determining a single base fingerprint of a target DNA sequence, comprising: 

(a) hybridizing a primer with a target DNA, where said primer (i) is complementary to said target DNA; (ii) has 
a first region containing the 5' end of the primer and an immobilization attachment site, and (iii) has a second 
region containing the 3' end of the primer, where the 3' end is capable of serving as a priming site for enzymatic 

55 extension and where said second region contains a cleavable site, 

(b) extending the primer with an enzyme in the presence of a dideoxynucleoside triphosphate corresponding 
to said single base, to generate a mixture of primer extension products, each product containing a primer and 
an extension segment; 
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(c) cleaving at the cleavable site to release the extension segments, where prior to said cleaving the primers 
are immobilized at said immobilization attachment sites; 

(d) sizing the extension segments by mass spectrometry, where the read length of any given extension segment 
is increased relative to the read length of its corresponding primer extension product of (b), and 

(e) determining the positions of said single base in said target DNA by comparison of the sizes of the extension 
segments. 

16. A method for determining an adenine fingerprint of a target DNA sequence, comprising: 

(a) hybridizing a primer with a DNA target, where said primer (i) is complementary to said target DNA; (ii) has 
a first region containing the 5' end of the primer and an immobilization attachment site, and (iii) has a second 
region containing the 3' end of the primer, where the 3' end is capable of serving as a priming site for enzymatic 
extension and where said second region contains a cleavable site, 

(b) extending the primer with an enzyme in the presence of deoxyadenosine triphosphate (dATP), deoxythy- 
midine triphosphate (dTTP), deoxycytidine triphosphate (dCTP), deoxyguanosine triphosphate (dGTP), and 
deoxyuridine triphosphate (dUTP), to generate a mixture of primer extension products containing dUTP at 
positions corresponding to dATP in said target, each product containing a primer and an extension segment; 

(c) treating the primer extension products with uracil DNA-glycosylase to fragment specifically at dUTP posi- 
tions, resulting in the production of a set of primer extension degradation products, 

(d) washing the primer extension degradation products, where prior to said washing, the primer extension 
degradation products are immobilized at said immobilization attachment sites, each immunobilized primer 
extension degradation product containing a primer and an extension segment, where said washing is effective 
to remove non-immobilized species, 

(e) cleaving at the cleavable site to release the extension segments, 

(f ) sizing the extension segments by mass spectrometry, where the read length of any given extension segment 
is increased relative to the read length of its corresponding primer extension degradation product, and 

(g) determining the positions of adenine in said target DNA by comparison of the sizes of the released extension 
segments. 

17. The method of any one of claims 8 to 16, where said primer is immobilized on a solid support by attachment at 
the immobilization attachment site to an intervening spacer arm bound to the solid support. 

18. The method of claim 17, wherein said intervening spacer arm is six or more atoms in length. 

19. The method of any one of claims 8 to 16, wherein the immobilization attachment site occurs as a substituent on 
one of the bases or sugars of the primer. 

20. The method of claim 19, where said immobilization attachment site is biotin or digoxigenin. 

21. The method of any one of claims 8 to 16, where the immobilization attachment site of the primer is composed of 
a series of bases complementary to an intermediary oligonucleotide, and where said primer is immobilized by 
specific hybridization of the immobilization attachment site to the intermediary oligonucleotide bound to a solid 
support. 

22. The method of any one of claims 8 to 21 , where said primer is immobilized on a solid support selected from the 
group consisting of glass, silicon, polystyrene, aluminum, steel, iron, copper, nickel, silver and gold. 

23. The method of any one of claims 1 to 6 or 8 to 22, where the cleavable site is located at or within about five 
nucleotides from the 3' end of said primer. 

24. The method of claim 23, where the second region of said primer is a single nucleotide that also contains the 
cleavable site. 

25. The method of claim 24, where said second region is a ribonucleotide. 

26. The method of any one of claims 1 to 6 or 6 to 23, where the cleavable site is selected from the group consisting 
of dialkoxysilane, 3'-(S)-phosphorothioate, 5'-(S)-phosphorothioate, 3'-(N).phosphoramidate, 5'-(N)-phosphoram- 
idate, uracil, and ribose. 
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27. The method of any one of claims 1 to 26, where the enzyme for extending the primer in step (b) is a DNA polymerase 
or a ligase. 

28. The method of any one of claims I to 27, wherein said sizing is accomplished by matrix -assisted laser desorption 
s ionization mass spectrometry. 

29. The method of claim 26, where said sizing is by time-of-flight mass spectrometry. 

30. The method of claim 26 or 29, wherein said extension segment is embedded in a chemical matrix prior to said sizing. 
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Patentanspruche 

1. Verfahren zur Bestimmung der GroBe eines P rime r-Ve r Ian gerungsprodukts, das umfaBt: 

(a) Hybridisieren eines Primers mit einer Zielnucleinsaure, wobei der Primer (i) komplementar zu der Zielnu- 
cleinsaure ist; (ii) eine erste Region besitzt, die das 5*-Ende eines Primers enthalt; und (iii) eine zweite Region 
besitzt, die das 3'-Ende des Primers enthalt, wobei das 3'-Ende in der Lage ist, als Startpunkt einer enzyma- 
tischen Verlangerung zu dienen, und wobei die zweite Region eine Schnittstelle enthalt; 

(b) enzymatisches Verlangern des Primers zur Erzeugung eines Gemisches, das ein Produkt enthalt, das aus 
dem Primer und einem Verlangerungssegment zusammengesetzt ist; 

(c) Schneiden an der Schnittstelle zur Freisetzung des Verlangerungssegments; und 

(d) Messen der GroBe des Verlangerungssegments durch Massenspektrometrie, wobei sich die Leselange 
des Verlangerungssegments relativ zur Leselange des Produkts aus (b) erhdht. 

2. Verfahren nach Anspruch 1, wobei die Zielnucleinsaure immobilisiert ist. 

3. Verfahren nach Anspruch 2, wobei die Zielnucleinsaure vor dem Verlangern oder vor dem Schneiden immobilisiert 
wird. 

4. Verfahren nach Anspruch 3, ferner umfassend das Trennen des Produkts aus (b) von der immobilisierten Zielnu- 
cleinsaure vor dem Schritt des Schneidens. 

5. Verfahren nach Anspruch 1 , wobei das Verlangern in Gegenwart eines Nucleotids durchgefuhrt wird, das (i) eine 
35 Immobilisierungsanheftungsstelle und (ii) eine Freisetzungsstelle enthalt, wobei das Verlangerungssegment die 

Immobilisierungsanheftungsstelle und die Freisetzungsstelle enthalt. 

6. Verfahren nach Anspruch 5, ferner umfassend das Immobilisieren des Verlangerungssegments an der Immobili- 
sierungsanheftungsstelle und das Freisetzen des Verlangerungssegments an der Freisetzungsstelle vor der Gro- 

40 Benbestimmung. 

7. Verfahren nach einem der Anspruche 1 bis 6, wobei die Schnittstelle ein Nucleotid ist, das in der Lage ist, einen 
von 5' nach 3' gerichteten enzymatischen Abbau zu blockieren, wobei das Schneiden durchgefuhrt wird durch den 
Abbau der ersten Region des Primers durch ein Enzym mit von 5' nach 3' gerichteter Exonucleaseaktivitat. 
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8. Verfahren zur Bestimmung der GroBe eines Primer-Verlangerungsprodukts, das umfaBt: 



(a) Hybridisieren eines Primers mit einer Zielnucleinsaure, wobei der Primer (i) komplementar zu der Zielnu- 
cleinsaure ist; (ii) eine erste Region besitzt, die das S'-Ende des Primers und eine Immobilisierungsanhef- 

so tungsstelle beinhaltet. und (iii) eine zweite Region besitzt, die das 3'-Ende des Primers beinhaltet, wobei das 

3'-Ende in der Lage ist, als Startpunkt einer enzymatischen Verlangerung zu dienen, und wobei die zweite 
Region eine Schnittstelle enthalt; 

(b) enzymatisches Verlangern des Primers zur Erzeugung eines Gemisches, das ein Produkt enthalt, das aus 
dem Primer und einem Verlangerungssegment zusammengesetzt ist; 

55 (c) Schneiden an der Schnittstelle zur Freisetzung des Verlangerungssegments, wobei der Primer vor dem 

Schneiden an der lmmobilisierungsanheftungsstelle immobilisiert wird; und 

(d) Bestimmen der GroBe des Verlangerungssegments durch Massenspektrometrie, wobei sich die Leselange 
des verlangerten Segments relativ zur Leselange des Produkts aus (b) erhdht. 



47 



EP 0 828 855 B1 



9. Verfahren nach Anspruch 8, ferner umfassend das Waschen des immobilisierten Produkts vor dem Schritt des 
Schneidens. 

10. Verfahren zur Bestimmung der GroBe eines Primer-Verlangerungsprodukts, das umfaBt: 

(aj Zusammenbringen eines ersten und eines zweiten Primers mit einer Zielnucleinsaure unter Bedingungen, 
die eine Hybridisierung der Primer an die Nucleinsaure bewirken, so daB Primer-Nucleinsaure-Komplexe ent- 
stehen, wobei der erste Primer (i) ein 5'- und ein 3'-Ende besitzt, (ii) komplementar zur Zielnucleinsaure ist, 
(iii) eine erste Region besitzt, die das S'-Ende des ersten Primers enthalt und (iv) eine zweite Region besitzt, 
die das 3'-Ende des ersten Primers enthalt, wobei das 3'-Ende in der Lage ist, als Startpunkt fur eine enzy- 
matische Verlangerung zu dienen, und wobei die zweite Region eine Schnittstelle enthalt, 
und wobei der zweite Primer (i) ein 5'- und ein 3'-Ende besitzt, (ii) homolog zur Zielnucleinsaure ist, "(iii) ein 
erstes Segment besitzt, das das S'-Ende des zweiten Primers enthalt und (iv) ein zweites Segment besitzt, 
das das S'-Ende des zweiten Primers und eine Immobilisierungsanheftungsstelle enthalt; 

(b) Umwandeln der Primer-Nucleinsaure-Komplexe in doppelstrangige Fragmente in Gegenwart einer DNA- 
Polymerase und von Desoxynucleosidtriphosphaten; 

(c) Amplifizieren der Anzahl der Primer enthaltenden Fragmente durch sukzessive Wiederholung der Schritte 
(i) Denaturieren der doppelstrangigen Fragmente, um einzelstrangige Fragmente herzustellen, (ii) Hybridisie- 
ren der einzelstrangigen Fragmente mit dem ersten und dem zweiten Primer, um Strang-Primer-Komplexe zu 
bilden, (iii) Herstellen von Amplifikationsprodukten ausgehend von den Strang-Primer-Komplexen in Gegen- 
wart von DNA-Polymerase und Desoxynucleosidtriphosphaten, und (iv) Wiederholung der Schritte (i) bis (iii), 
bis der gewunschte Amplifikationsgrad erreicht ist; 

(d) Immobilisieren der Amplifikationsprodukte, die den zweiten Primer enthalten, uber die Immobilisierungs- 
anheftungsstelle; 

(e) Entfernen der nicht-immobilisierten amplifizierten Fragmente; 

(f) Schneiden der Amplifikationsprodukte an der Schnittstelle zur Erzeugung eines Gemisches, das ein dop- 
pelstrangiges Produkt enthalt; 

(g) Denaturieren des doppelstrangigen Produkts zur Freisetzung des Verlangerungssegments; und 

(h) Messen der GroBe des Verlangerungssegments durch Massenspektrometrie, wobei sich die Leselange 
des Verlangerungssegments relativ zur Leselange der amplifizierten Strang-Primer-Komplexe aus (c) erhoht. 

11. Verfahren zur Bestimmung der GroBe eines Primer-Verlangerungsprodukts, das umfaBt: 

(a) Zusammenbringen eines ersten und eines zweiten Primers mit einer Zielnucleinsaure unter Bedingungen, 
die eine Hybridisierung der Primer an die Nucleinsaure bewirken, Erzeugung von Primer-Nucleinsaure-Kom- 
plexen, wobei der erste Primer (i) komplementar zu der Zielnucleinsaure ist, (ii) eine erste Region besitzt, die 
das S'-Ende des Primers und eine Immobilisierunganheftungsstelle enthalt, und (iii) eine zweite Region besitzt, 
die das 3'-Ende des Primers enthalt, wobei das 3'-Ende in der Lage ist, als Startpunkt fur eine enzymatische 
Verlangerung zu dienen, und wobei die zweite Region eine Schnittstelle enthalt, und wobei der zweite Primer 
homolog zu der Zielnucleinsaure ist; 

(b) Umwandeln der Primer-Nucleinsaure-Komplexe in doppelstrangige Fragmente in Gegenwart einer DNA- 
Polymerase und von Desoxynucleosidtriphosphaten; 

(c) Amplifizieren der Anzahl der Primer enthaltenden Fragmente durch sukzessive Wiederholung der Schritte 

(i) Denaturieren der doppelstrangigen Fragmente, um einzelstrangige Fragmente herzustellen, (ii) Hybridisie- 
ren der einzelstrangigen Fragmente mit dem ersten und dem zweiten Primer zur Erzeugung von Strang-Pri- 
mer-Komplexen; (iii) Herstellen von doppelstrangigen Amplifikationsfragmenten ausgehend von den Strang- 
Primer-Komplexen in Gegenwart von DNA-Polymerase und Desoxynucleosidtriphosphaten, und (iv) Wieder- 
holung der Schritte (i) bis (iii), bis der gewunschte Amplifikationsgrad erreicht ist; 

(d) Denaturieren der Amplifikationsfragmente zur Erzeugung eines Gemisches, das ein Produkt enthalt, das 
aus dem ersten Primer und einem Verlangerungssegment zusammengesetzt ist; 

(e) Immobilisieren der amplifizierten Fragmente, die den ersten Primer enthalten, unter Verwendung der Im- 
mobilisierungsanhettungsstelle, und Entfernen der nicht-immobilisierten amplifizierten Fragmente; 

(f) Schneiden des ersten Primers an der Schnittstelle, zur Freisetzung des Verlangerungssegments; und 

(g) Messen der GroBe des Verlangerungssegments durch Massenspektrometrie, wobei sich die Leselange 
des verlangerten Segments relativ zur Leselange des Produkts aus (d) erhoht. 

12. Verfahren zur Bestimmung der DNA-Sequenz einer Ziel-DNA-Sequenz, das umfaBt: 
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(a) Hybridisieren eines Primers mit einer Ziel-DNA, wobei der Primer (i) komplementar zur Ziel-DNA ist. (ii) 
eine erste Region besitzt, die das 5'-Ende des Primers und eine Immobilisierungsanheftungsstelle enthalt, 
und (iii) eine zweite Region besitzt, die das 3'-Ende des Primers enthalt, wobei das 3'-Ende in der Lage ist, 
als Startpunkt fur eine enzymatische Verlangerung zu dienen, und wobei die zweite Region eine Schnittstelle 
enthalt; 

(b) Verlangern des Primers mit einem Enzym in Gegenwart eines ersten von vier verschiedenen Didesoxynu- 
cleotiden zur Erzeugung eines Gemisches aus Primer- Verlangerungsprodukten, wobei jedes Produkt einen 
Primer und ein Verlangerungssegment enthalt; 

(c) Schneiden an der Schnittstelle zur Freisetzung der Verlangerungssegmente, wobei vor dem Schneiden 
die Primer an den Imrnobilisierungsanheftungsstellen immobilisiert werden; 

(d) Messen der Gro&e der Verlangerungssegmente durch Massenspektrometrie, wobei sich die Leselange 
des verlangerten Segments relativ zur Leselange des Produkts aus (b) erhoht; 

(e) Wiederhoien der Schritte (a) bis (d) mit einem zweiten, dritten und vierten der vier verschiedenen Dides- 
oxynucleotide; und 

(f ) Bestimmen der DNA-Sequenz der Ziel-DNA durch Vergletch der GroGen der Verlangerungssegmente, die 
durch jede der vier Verlangerungsreaktionen erhalten wurden. 

13. Vertahren zur Bestimmung der DNA-Sequenz einer Ziel-DNA-Sequenz, das umfaftt: 

(a) Hybridisieren eines Primers mrt einer Ziel-DNA, wobei der Primer (i) komplementar zur Ziel-DNA ist, (ii) 
eine erste Region besitzt, die das S'-Ende des Primers und eine Immobilisierungsanheftungsstelle enthalt, 
und (iii) eine zweite Region besitzt, die das 3'-Ende des Primers enthalt, wobei das 3'-Ende in der Lage ist, 
als Startpunkt fur eine enzymatische Verlangerung zu dienen, und die zweite Region eine Schnittstelle enthalt; 

(b) Verlangern des Primers mit einem Enzym in Gegenwart eines ersten von vier verschiedenen Desoxynu- 
cleotid-a-thiotriphosphat-analogons (dNTPaS) zur Erzeugung eines Gemisches von Primer- Verlangerungs- 
produkten, die Phosphorothioatbindungen enthalten; 

(c) Behandelnder Primer-Verlangerungsprodukte mit einem Reagens, das spezifisch Phosphorothioatbindun- 
gen schneidet, wobei die Behandlung unter Bedingungen ausgefuhrt wird, die limitierte Spaltungen bewirken, 
was zur Herstellung eines Satzes von Primer-Verlangerungs-Abbauprpdukten fuhrt; 

(d) Waschen der Primer-Verlangerungs-Abbauprodukte, wobei vor dem Waschen die P rimer- Ver Ian ge rungs - 
Abbauprodukte an den Immobilisierungsanheftungsstellen immobilisiert werden, wobei jedes immobilisierte 
Primer-Verlangerungs-Abbauprodukt einen Primer und ein Verlangerungssegment enthalt, wobei das Wa- 
schen die Entfemung der nicht-immobilisierten Produkte bewirkt; 

(e) Schneiden an der Schnittstelle zur Freisetzung der Verlangerungssegmente; 

(f) Messen der Grofie der Verlangerungssegmente durch Massenspektrometrie, wobei sich die Leselange 
jedes einzelnen Verlangerungssegments relativ zur Leselange des entsprechenden Primer-Verlangerungs- 
Abbau produkts erhoht; 

(g) Wiederhoien der Schritte (a) bis (f) mit einem zweiten, dritten und vierten der vier verschiedenen dNTPaSs; 
und 

(h) Bestimmen der DNA-Sequenz der Ziel-DNA durch Vergleich der GroBen der Verlangerungssegmente, die 
durch jede der vier Verlangerungsreaktionen erhalten wurden. 

14. Verfahren nach Anspruch 13, wobei das Reagens aus Schritt (c) Exonuclease, 2-lodethanol oder 2,3-Epoxy-1 -pro- 
panol ist. 

15. Verfahren zur Bestimmung von Einzelbasen-Fingerprints einer Ziel-DNA-Sequenz, das umfaGt: 

(a) Hybridisieren eines Primers mit einer Ziel-DNA, wobei der Primer (i) komplementar zur Ziel-DNA ist, (ii) 
eine erste Region besitzt, die das S'-Ende des Primers und eine Immobilisierungsanheftungsstelle enthalt, 
und (iii) eine zweite Region besitzt, die das 3*-Ende des Primers enthalt, wobei das 3'-Ende in der Lage ist, 
als Startpunkt fur eine enzymatische Verlangerung zu dienen, und wobei die zweite Region eine Schnittstelle 
enthalt; 

(b) Verlangern des Primers mit einem Enzym in Gegenwart eines Didesoxynucleosidtriphosphats, das der 
Einzelbase entspricht, zur Erzeugung eines Gemisches von Primer-Verlangerungsprodukten, wobei jedes 
Produkt einen Primer und ein Verlangerungssegment enthalt; 

(c) Schneiden an der Schnittstelle zur Freisetzung der Verlangerungssegmente, wobei vor dem Schneiden 
die Primer an den Immobtlisierungsanheftungsstellen immobilisiert werden; 

(d) Messen der GroGe der Verlangerungssegmente durch Massenspektrometrie, wobei sich die Leselange 
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jedes einzelnen verlangerten Segments relativ zur Leselange des entsprechenden Primer-Verlangerungspro- 
dukts aus (b) erhoht; und 

(e) Bestimmen der Einzelbasenpositionen in der Ziel-DNA durch Vergleich der GroRen der Verlangerungs- 
segmente. 

16. Verfahren zur Bestimmung von Adenin-Fingerprints einer Ziel-DNA-Sequenz, das umfaBt: 

(a) Hybridisieren eines Primers mit einer Ziel-DNA, wobei der Primer (i) komplementar zur Ziel-DNA ist, (ii) 
eine erste Region besitzt, die das 5'-Ende des Primers und eine Immobilisierungsanheftungsstelle enthalt 
und (iii) eine zweite Region besitzt, die das 3'-Ende des Primers enthalt, wobei das 3'-Ende in der Lage ist, 
als Startpunkl fur eine enzymatische Verlangerung zu dienen, und wobei die zweite Region eine Schnittstelle 
enthalt; 

(b) Verlangern des Primers mit einem Enzym in Gegenwart von Desoxyadenosintriphosphat (dATP), Des- 
oxythymidintriphosphat (dTTP), Desoxycytidintrtphosphat (dCTP), Desoxyguanosintriphosphat (dGTP) und 
Desoxyuridintriphosphat (dUTP), zur Erzeugung eines Gemisches von Primer-Verlangerungsprodukten, das 
dUTP an den Positionen enthalt, die dATP in der Ziel-DNA-Sequenz entsprechen, wobei jedes Produkt einen 
Primer und ein Verlangerungssegment enthalt; 

(c) Behandeln der Primer-Verlangerungsprodukte mit Uracil-DNA-Glycosylase, urn spezifisch an dUTP-Posi- 
tionen zu fragmentieren, was zu der Erzeugung eines Satzes von Primer-Verlangerungs-Abbauprodukten 
fuhrt; 

(d) Waschen der Primer-Verlangerungs-Abbauprodukte, wobei vor dem Waschen die P rimer- Ver lan g earn gs- 
Abbauprodukte an den Immobilisierungsanheftungsstellen immobilisiert werden, wobei jedes immobilisierte 
Primer-Verlangerungs-Abbauprodukt einen Primer und ein Verlangerungssegment enthalt, wobei das Wa- 
schen die Entfemung der nicht-immobilisierten Produkte bewirkt; 

(e) Schneiden an den Schnittstellen zur Freisetzung der Verlangerungssegmente; 

(f) Messen der GroGe der Verlangerungssegmente durch Massenspektrometrie, wobei sich die Leselange 
jedes einzelnen verlangerten Segments relativ zur Leselange des entsprechenden Primer-Verlangerungs- 
Abbauprodukts erhoht; und 

(g) Bestimmen der Adeninpositionen in der Ziel-DNA durch Vergleich der GroBen der freigesetzten Verlange- 
rungssegmente. 

17. Verfahren nach einem der Anspruche 8 bis 16, wobei der Primer durch Anheften an der Immobilisierungsanhef- 
tungsstelle uber einen dazwischenliegenden Spacer-Arm, der an einen festen Trager gebunden ist, an dem festen 
Trager immobilisiert ist. 

18. Verfahren nach Anspruch 17, wobei der dazwischenliegende Spacer-Arm eine Lange von sechs oder mehr Atomen 
aufweist. 

19. Verfahren nach einem der Anspruche 8 bis 16, wobei die Immobilisierungsanheftungsstelle ein Substituent an 
einer der Basen oder Zucker des Primers ist. 

20. Verfahren nach Anspruch 19, wobei die Immobilisierungsanheftungsstelle Biotin oder Digoxigenin ist. 

21. Verfahren nach einem der Anspruche 8 bis 16, wobei sich die Immobilisierungsanheftungsstelle des Primers aus 
einer Reihe von Basen zusammensetzt, die komplementar zu einem intermediaren Oligonucleotid sind, und wobei 
der Primer immobilisiert ist durch spezifische Hybridisierung der Immobilisierungsanheftungsstelle an das inter- 
medial Oligonucleotid, das an einen festen Trager gebunden ist. 

22. Verfahren nach einem der Anspruche 8 bis 21 , wobei der Primer an einem festen Trager immobilisiert ist, der Glas, 
Silicium, Polystyrol, Aluminium, Stahl, Eisen, Kupfer, Nickel, Silber oder Gold ist. 

23. Verfahren nach einem der Anspruche 1 bis 6 oder 8 bis 22, wobei die Schnittstelle am oder innerhalb von etwa 
funf Nucleotiden vom 3*-Ende des Primers lokalisiert ist. 

24. Verfahren nach Anspruch 23, wobei die zweite Region des Primers ein einzelnes Nucleotid ist, das auch eine 
Schnittstelle enthalt. 

25. Verfahren nach Anspruch 24, wobei die zweite Region ein Ribonucleotid ist. 



50 



EP 0 828 855 B1 



26. Verfahren nach einem der Anspruche 1 bis 6 Oder 8 bis 23, wobei die Schnittstelle Dialkoxysilan, 3'-(S)-Phospho- 
rothioat, 5'-(S)-Phosphorothioat, 3'-(N)- Phosphoramidat, 5'-(N)-Phosphoramidat t Uracil Oder Ribose ist. 

27. Verfahren nach einem der Anspruche 1 bis 26, wobei das Enzym zur Verlangerung des Primers in Schritt (b) DNA- 
Polymerase Oder Ligase ist. 

28. Verlahren nach einem der Anspruche 1 bis 27, wobei das Messen der GroBe durch Matrix-unterstutzte Laser- 
Desorations-lonisierungs-Massenspektrometrie ausgefOhrt wird. 

29. Verfahren nach Anspruch 28, wobei die GroBe durch Flugzeit-Massenspektrometrie gemessen wird. 

30. Verfahren nach Anspruch 28 Oder 29, wobei das Verlangerungssegment vor der GroBenmessung in eine chemi- 
sche Matrix eingebettet wird. 



Revendications 

1. Proc6de de determination de la taille d'un produit d'extension d'amorce, comprenant: 

(a) I'hybridation d'une amorce avec un acide nucl6ique cible, dans lequel I'amorce (i) est complementaire audit 
acide nucleique cible; (ii) possede une premiere zone contenant I'extremite 5' de I'amorce, et (iii) possede une 
seconde zone contenant I'extremite 3' de I'amorce, dans lequel I'extremite 3' peut servir en tant que site d'amor- 
cage pour une extension enzymatique et dans lequel ladite seconde zone contient un site de coupure; 

(b) I'extension de I'amorce par voie enzymatique pour produire un melange contenant un produit compose de 
I'amorce et d'un segment d'extension; 

(c) la coupure au niveau du site de coupure pour liberer le segment d'extension; et 

(d) la determination de la taille du segment d'extension par spectrometrie de masse, dans lequel la longueur 
lue du segment d'extension est augmentee par rapport a la longueur lue du produit de (b). 

2. Proceed selon la revendication 1 , dans lequel I'acide nucleique cible est immobilise. 

3. ProcedS selon la revendication 2, dans lequel I'acide nucleique cible est immobilise avant ladite extension ou avant 
ladite coupure. 

4. Procede selon la revendication 3, qui comprend de plus la separation du produit de (b) d'avec ledit acide nucleique 
cible immobilise avant ladite etape de coupure. 

5 Proc6de selon la revendication 1 , dans lequel ladite extension est effectuee en presence d'un nucleotide contenant 
(i) un site de fixation pour une immobilisation et (ii) un site de liberation, dans lequel le segment d'extension com- 
prend ledit site de fixation pour une immobilisation et ledit site de liberation. 

6 Procede selon la revendication 5, comprenant de plus, avant ladite determination de taille, I'immobilisation dudit 
segment d'extension au site de fixation pour une immobilisation, et la liberation dudit segment d'extension au 
niveau dudit site de liberation. 

7 Proc6de selon Tune quelconque des revendications 1 a 6, dans lequel le site de coupure est un nucleotide capable 
de bloquer la digestion stimulee par des enzymes de 5 vers 3 , et dans lequel ladite coupure est effectuee par 
digestion de la premiere zone de I'amorce avec une enzyme ayant une activite exonuclease de 5 vers 3'. 

8. Procede de determination de la taille d'un produit d'extension d'amorce, comprenant: 

(a) I'hybridation d'une amorce avec un acide nucleique cible, dans laquelle I'amorce (i) est complementaire 
audit acide nucleique cible; (ii) possede une premiere zone contenant I'extremite 5' de I'amorce, et un site de 
fixation pour une immobilisation, et (iii) possede une seconde zone contenant I'extremite 3' de I'amorce, dans 
laquelle I'extremite 3' peut servir en tant que site d'amorcage pour une extension enzymatique et dans lequel 
ladite seconde zone contient un site de coupure; 

(b) I'extension de I'amorce par voie enzymatique pour produire un melange contenant un produit compose de 
I'amorce et d'un segment d'extension; 
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(c) la coupure au niveau du site de coupure pour liberer le segment d'extension, dans lequel, avant ladite 
coupure, I'amorce est immobitisee au niveau dudit site de fixation pour une immobilisation; et 

(d) la determination de la taille du segment d'extension par spectrometrie de masse, dans laquelle la longueur 
lue du segment d'extension est augmentee par rapport a la longueur lue du produit de (b). 

9. Proc6de selon la revendication 8, qui comprend de plus le lavage du produit immobilise avant ladite etape de 
coupure. 

10. Proc6de de determination de la taille d'un produit d'extension d'amorce, comprenant: 

(a) la combinaison d'une premiere et d'une seconde amorces avec un acide nucleique cible, dans des condi- 
tions qui stimulent Phybridation des amorces a I'acide nucleique, produisant des complexes amorce/acide 
nucleique, 

dans lequel ladite premiere amorce (i) possede une extremite 5' et une extremite 3', (ii) est complementaire 
audit acide nucleique cible, (iii) possede une premiere zone contenant I'extremite 5' de la premiere amorce 
et (iv) poss6de une seconde zone contenant I'extremite 3 de la premiere amorce, dans lequel I'extremite 
3 peut servir en tant que site d'amorcage pour une extension enzymatique et dans lequel ladite seconde 
zone contient un site de coupure, 

et dans lequel ladite seconde amorce (i) possede une extremite 5 et une extremite 3 , (ii) est homologue 
audit acide nucleique cible, (iii) possede un premier segment contenant I'extremite 3 de la seconde amor- 
ce, et (iv) possede un second segment contenant I'extremite 5 de la seconde amorce et un site de fixation 
pour une immobilisation, 

(b) la conversion des complexes amorce/acide nucleique en fragments double brin en presence d'ADN poly- 
merase et de desoxynucleoside triphosphates, 

(c) I'amplification du nombre de fragments contenant une amorce en repetant successivement les etapes (i) 
de denaturation desdits fragments double brin pour produire des fragments monobrin, (ii) d'hybridation desdits 
fragments monobrin avec lesdites premiere et seconde amorces pour former des complexes brin/amorce, (iii) 
de generation de produits d'amplification a partirdes complexes brin/amorce en presence de ADN polymerase 
et de desoxynucleoside triphosphates, et (iv) de repetition des etapes (i) a (iii) jusqu'au degre d'amplification 
souhaite, 

(d) ('immobilisation des produits d'amplification contenant la seconde amorce au moyen dudit site de fixation 
pour une immobilisation, 

(e) I'elimination des fragments amplifies non-immobilises, 

(f) la coupure desdits produits d'amplification au niveau du site de coupure, pour produire un melange com- 
prenant un produit double brin, 

(g) la denaturation du produit double brin pour liberer le segment d'extension, et 

(h) la determination de la taille du segment d'extension par spectrometrie de masse, dans laquelle la longueur 
lue du segment d'extension est augmentee par rapport a la longueur lue des complexes amplifies brin/amorce 
de (c). 

11. Proc6d6 de determination de la taille d'un produit d'extension d'amorce, comprenant: 

(a) la combinaison d'une premiere et d'une seconde amorce avec un acide nucleique cible, dans des conditions 
qui stimulent I'hybridation des amorces a I'acide nucleique, produisant des complexes amorce/acide nucleique, 

dans lequel ladite premiere amorce (i) est complementaire audit acide nucleique cible; (ii) possede une 
premiere zone contenant I'extremite 5' de i'amorce et un site de fixation pour une immobilisation, et (iii) possede 
une seconde zone contenant I'extremite 3' de I'amorce, dans lequel I'extremite 3' peut servir en tant que site 
d'amorcage pour une extension enzymatique et dans lequel ladite seconde zone contient un site de coupure, 
et dans lequel ladite seconde amorce est homologue audit acide nucleique cible, 

(b) la conversion des complexes amorce/acide nucleique en fragments double brin en presence d'ADN poly- 
merase et de d6soxy nucleosides triphosphates, 

(c) I'amplification du nombre de fragments contenant une amorce en repetant successivement les etapes (i) 
de denaturation desdits fragments double brin pour produire des fragments monobrin, (ii) d'hybridation desdits 
fragments monobrin avec lesdites premiere et seconde amorces pour produire des complexes brin/amorce, 
(iii) de production des produits d'amplification double brin a partir des complexes brin/amorce en presence d' 
ADN polymerase et de desoxynucleoside triphosphates, et (iv) de repetition des etapes (i) a (iii) jusqu'a realiser 
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le degre d'amplification souhaite, 

(d) la denaturation des fragments d'amplification pour produire un melange comprenant un produit compose 
de la premiere amorce et d'un segment d'extension; 

(e) rimmobilisation des fragments amplifies contenant la premiere amorce, en utilisant ledit site de fixation 
pour une immobilisation, et en liberant les fragments amplifies non immobilis6s, 

(f) la coupure de ladite premiere amorce au niveau du site de coupure pour liberer le segment d'extension; et 

(g) la determination de lataille du segment d'extension par spectrometrie de masse, dans laquelle la longueur 
lue du segment d'extension est augmented par rapport a la longueur lue du produit de (d). 

12. Proc6de de determination de la sequence ADN d'une sequence d'ADN cible, comprenant: 

(a) ('hybridation d'une amorce avec un ADN cible, dans lequel ladite amorce (i) est complementaire audit ADN 
cible; (ii) possede une premiere zone contenant I'extremite 5" de I'amorce et un site de fixation pour une im- 
mobilisation, et (iii) possede une seconde zone contenant I'extr6mit6 3' de I'amorce, dans lequel I'extremite 
3' peut servir en tant que site d'amorcage pour une extension enzymatique et dans lequel ladite seconde zone 
contient un site de coupure, 

(b) ['extension de I'amorce avec une enzyme en presence d'un premier de quatre did^oxynucleotides differents 
pour produire un melange de produits d'extension d'amorce, chaque produit contenant une amorce et un 
segment d'extension; 

(c) la coupure au niveau du site de coupure pour liberer les segments d'extension, dans laquelle avant ladite 
coupure, les amorces sont immobilisdes au niveau desdits sites de fixation pour une immobilisation; 

(d) la determination de la taille des segments d'extension par spectrometrie de masse, dans laquelle la lon- 
gueur lue du segment d'extension est augmentee par rapport a la longueur lue du produit de (b), 

(e) la repetition des etapes (a) a (d) avec un deuxieme, troisieme et quatrieme des quatre dideoxynucleotides 
differents, et 

(f) la determination de la sequence ADN dudit ADN cible en comparant les dimensions des segments d'ex- 
tension obtenus a partir de chacune des quatre reactions d'extension. 

13. Proc£d6 de determination de la sequence ADN d'une sequence d'ADN cible, comprenant: 

(a) I'hybridation d'une amorce avec un ADN cible, dans lequel ladite amorce (i) est complementaire audit ADN 
cible; (ii) possede une premiere zone contenant I'extremite 5 de I'amorce et un site de fixation pour une im- 
mobilisation, et (iii) possede une seconde zone contenant I'extremite 3 de I'amorce, dans lequel I'extremite 3 
peut servir en tant que site d'amorcage pour une extension enzymatique et dans lequel ladite seconde zone 
contient un site de coupure, 

(b) I'extension de I'amorce avec une enzyme en presence d'un premier de quatre differents analogues du 
deoxynucleotide a-thiotriphosphate (dNTPaS) pour produire un melange de produits d'extension d'amorce 
contenant des liaisons phosphorothioate, 

(c) le traitement des produits d'extension d'amorce avec un reactif qui coupe specifiquement au niveau des 
combinaisons phosphorothioate, dans lequel ledit traitement est effectue dans des conditions produisant une 
coupure limitee, aboutissant a la production d'un ensemble de produits de degradation d'extension d'amorce, 

(d) le lavage des produits de degradation d'extension d'amorce, dans lequel avant ledit lavage, les produits 
de degradation d'extension d'amorce sont immobilises au niveau des sites de fixation pour une immobilisation, 
chaque produit de degradation d'extension d'amorce immobilise contenant une amorce et un segment d'ex- 
tension, dans lequel ledit lavage est efficace pour eliminer les especes non immobilisees, 

(e) la coupure au niveau du site de coupure pour liberer les segments d'extension, 

(f ) la determination de la taille des segments d'extension par spectrometrie de masse, dans laquelle la longueur 
lue de n'importe quel segment d'extension donne est augmente par rapport a la longueur lue de son produit 
de degradation d'extension d'amorce correspondant, 

(g) la repetition des etapes (a) a (f) avec un second, troisieme et quatrieme des quatre differents dNTPaSs, et 

(h) la determination de la sequence ADN dudit ADN cible en comparant les dimensions des segments d'ex- 
tension obtenus a partir de chacune des quatre reactions d'extension. 

14. Procede selon la revendication 13, dans lequel le rSactif de I'etape (c) est choisi dans le groupe constitue d'exo- 
nuclease, de 2-iodoethanol et de 2,3-epoxy-1-propanol. 

15. Procede de determination d'une cartographic d'une base simple d'une sequence ADN, comprenant: 
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(a) I'hybridation d'une amorce avec un ADN cible, dans laquelle ladite amorce (i) est complementaire audit 
ADN cible; (ii) possede une premiere zone contenant 1'extremite 5' de I'amorce et un site de fixation pour une 
immobilisation, et (iii) possede une seconde zone contenant I'extremite 3' de I'amorce, dans lequel 1'extremite 
3' peut servir en tant que site d'amorcage pour une extension enzymatique et dans lequel ladite seconde zone 
contient un site de coupure, 

(b) I'extension de I'amorce avec une enzyme en presence de dideoxynucleoside triphosphate correspondant 
a ladite base simple, pour produire un melange de produits d'extension d'amorce, chaque produit contenant 
une amorce et un segment d'extension; 

(c) la coupure au niveau du site de coupure pour liberer les segments d'extension, dans lequel avant ladite 
coupure, les amorces sont immobilisees au niveau desdits sites de fixation pour une immobilisation; 

(d) la determination de la taille des segments d'extension par spectrometrie de masse, dans laquelle la lon- 
gueur lue de n'importe quel segment d'extension donne est augmente par rapport a la longueur lue de son 
produit d'extension d'amorce de (b) correspondant, et 

(e) la determination des positions de ladite base simple dans ledit ADN cible en comparant les dimensions 
des segments d'extension. 

6. Procede de determination d'une cartographie d'adenine d'une sequence ADN cible, comprenant: 

(a) I'hybridation d'une amorce avec une cible ADN, dans laquelle ladite amorce (i) est complementaire audit 
ADN cible; (ii) possede une premiere zone contenant I'extremit6 5* de I'amorce et un site de fixation pour une 
immobilisation, et (iii) possede une seconde zone contenant I'extremite 3' de I'amorce, dans laquelle I'extr6mit6 
3' peut servir en tant que site d'amorcage pour une extension enzymatique et dans laquelle ladite seconde 
zone contient un site de coupure, 

(b) I'extension de I'amorce avec une enzyme en presence de deoxyadenosine triphosphate (dATP), de deoxy- 
thymidine triphosphate (dTTP), de deoxycytidine triphosphate (dCTP), de deoxyguanosine triphosphate 
(dGTP), et de deoxyuridine triphosphate (dUTP), pour produire un melange de produits d'extension amorce 
dUTP a des positions correspondants au dATP dans ladite cible, chaque produit contenant une amorce et un 
segment d'extension; 

(c) le traitement des produits d'extension d'amorce avec I'uracile d'ADN glycosylase pour fragmenter specifi- 
quement au niveau des positions dUTP, aboutissant a la production d'un ensemble de produits de degradation 
d'extension d'amorce, 

(d) le lavage des produits de degradation d'extension d'amorce, dans lequel avant ledit lavage, les produits 
de degradation d'extension d'amorce sont immobilises au niveau desdits sites de fixation pour une immobili- 
sation, chaque produit de degradation d'extension d'amorce immobilise contenant une amorce et un segment 
d'extension, dans lequel ledit lavage est efficace pour eliminer les especes non immobilisees, 

(e) la coupure au niveau du site de coupure pour liberer les segments d'extension, 

(f ) la determination de la taille des segments d'extension par spectrometrie de masse, dans laquelle la longueur 
lue de n'importe quel segment donne est augmentee par rapport a la longueur lue de son produit de degra- 
dation d'extension d'amorce correspondant, et 

(g) la determination des positions de ('adenine dans ledit ADN cible en comparant les dimensions des segments 
d'extension Iiber6s. 

17 Procede selon I'une quelconque des revendications 8 a 16, dans lequel ladite amorce est immobilisee sur un 
support solide par fixation au niveau du site de fixation pour une immobilisation a un bras d'espacement intercalate 
lie au support solide. 

18. Procede selon la revendication 17, dans lequel ledit bras d'espacement intercalaire a une longueur de six atomes 
ou plus. 

19. Procede selon I'une quelconque des revendications 8 a 16. dans lequel le site de fixation pour une immobilisation 
se presente comme un substituant sur un des sucres ou une des bases de I'amorce. 

20. Procede selon la revendication 19, dans lequel le site de fixation pour une immobilisation est la biotine ou la 
dioxygenine. 

21 Procede selon I'une quelconque des revendications 8 a 1 6, dans lequel le site de fixation pour une immobilisation 
de I'amorce est compose d'une serie de bases complementaires a un oligonucleotide intermediate, et dans lequel 
ladite amorce est immobilisee par hybridation specifique du site de fixation pour une immobihsat.on a I'ol.gonu- 
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cleotide intermediate lie a un support solide. 

22. Procede selon Tune quelconque des revendications 8 a 21, dans lequel t'amorce est immobilisee sur un support 
solide choisi dans le groupe forme par le verre, la silicone, !e polystyrene, raluminium, racier, le fer, le cuivre, le 

5 nickel, I'argent et Tor. 

23. Proc6d6 selon Tune quelconque des revendications 1 a 6 ou 8 a 22, dans lequel le site de coupure est situe au 
niveau ou aux environs de cinq nucleotides a partir de Pextremite 3' de ladite amorce. 

io 24. Proc6de selon la revendication 23, dans lequel la seconde zone de ladite amorce est un nucleotide simple qui 
contient egalement le site de coupure. 

25. Proc6de selon la revendication 24, dans lequel ladite seconde zone est un ribonucleotide. 

is 26. Procede selon Tune quelconque des revendications 1 a 6 ou 8 a 23, dans lequel le site de coupure est choisi dans 
le groupe forme par le dialkoxysilane, le 3'-(S)-phosphorothioate, le 5'-(S)-phosphorothioate, le 3'-(N)-phospho- 
ramidate, le 5 -(N)-phosphoramidate, I'uracile et le ribose. 

27. Precede selon Tune quelconque des revendications 1 a 26, dans lequel I'enzyme pour Textension de I'amorce 
20 dans l'etape (b) est une ADN polymerase ou une ligase. 

28. Procede selon Tune quelconque des revendications 1 a 27, dans lequel ladite determination de la taille est effectuee 
par spectrometrie de masse a ionisation-desorption par laser aidee par matrice. 

25 29. Procede selon la revendication 28, dans lequel ladite determination de la taille est effectuee par spectrometrie de 
masse a temps de vol. 

30. Procede selon la revendication 28 ou 29, dans lequel ledit segment d'extension est incorpore dans une matrice 
chimique avant ladtte determination de la taille. 
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AMINO ACID SEQUENCE 
TYPE OF AND 
HEMOGLOBIN DNA NUCLEOTIDE SEQUENCE 

-Pro-Glu-Glu 
A -CCT-GAG-GAG- 



-Pro-Val-Glu 
B -CCT-GTG-GAG- 



Fig. 7A 
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NORMAL 



AMINO ACID SEQUENCE 
AND 

DNA NUCLEOTIDE SEQUENCE 

342 

- Thr - He - Asp -Glu - s - Gly - Tlir ■ 
- ACC -ATC-GAC -GAG-AAA-GGG-A . . 



-Thr-He-Asp-Lys-Lys-Gly-Tlir- 
-ACC-ATC-GAC-AAG-AAA-GGG-A. . 
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